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SUMMARY
The development of the characteristic flavour of toffee has been 
investigated by a number of different methods. Macroscopic changes in 
the constituents of toffee due to the cooking process have been measured 
by standard methods and related to the chemical processes taking place in 
the system. The importance of reaction intermediates (Strecker aldehydes 
and 5~hydr°xymethylfurfural) in the development of toffee flavour has 
been determined by the use of trained taste panels and chemical analysis 
involving extensive use of gas-liquid chromatography. The role played 
by butter in the development of toffee flavour has been investigated, 
with particular reference to aldehydes and carboxylie acids, by the use 
of trained taste panels and chemical analysis involving vacuum steam 
distillation techniques, followed by gas chromatography.
\
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INTRODUCTION
Toffee is a popular confection which is sold in many forms through­
out the world. In its commonest form, it is made from milk, granulated 
sugar, confectioners glucose and fat (often "butter) and the characteristic 
flavour of the confection is developed when these ingredients are cooked 
together for about 30 minutes to a maximum temperature of about 150°C.
The flavour, although perhaps enhanced by the original ingredients, is 
only present after cooking which signifies that a chemical reaction, or 
series of reactions, is responsible for its formation.
About sixty years ago a French chemist, Louis Maillard, discovered 
that when certain mixtures of sugars and amino compounds were heated 
together, a chemical reaction took place which produced characteristic 
colours and flavours (Maillard 1912). Since then the "Maillard", or 
browning reaction, has been implicated in the production of aromas and 
flavours in many foods. The reaction can result, beneficially, in the 
production of certain characteristic flavours, as in bread(Rothe and Thomas 
1959) t peanuts (Adrian and Jacquot I968) and chocolate (Rohan and Stewart
1965), or in a deleterious manner to produce off-flavours. Prolonged 
storage, under the wrong conditions, of skimmed milk powder (Henry et al 
19^8) * instant orange juice powder (Berry and Tatum 1965) and even fish 
(pokorny et al 1973a) results in browning reactions which produce off- 
flavours. Since the reaction involves the food protein, and more specif­
ically, free amino groups on the protein such as in lysine, the nutritive 
value of the food also decreases (Schroeder et al 1951)»
There are numerous reviews in the literature concerning the Maillard 
reaction, often from different aspects. Thus Reynolds (1969) has reviewed 
interactions between sugars and amines, Hodge (l967) and Reynolds (1970) 
have reviewed the Maillard reaction in terms of flavour produced, Hodge 
(1953) has reviewed the Maillard reaction in model systems and Lea (19&5) has
dealt with the reaction as applied to food processing and storage.
The chemistry of the Maillard reaction is summarised below "but 
individual reaction mechanisms are not included (these are explained 
fully in the paper by Reynolds (1969))*
The Maillard Reaction
The ‘'Maillard reaction” is a series of complex reactions that 
culminate in the formation of brown pigments (melanoidins) of ill- 
defined structure. Many intermediate compounds are produced, some of 
which may be isolated, others of which are precursors for the formation 
of more compounds. The reaction can be represented in five separate 
stages and these are outlined below,
l) Formation of Aldosylamines
The reaction between D-glucose and glycine illustrates aldosylamine 
formation. It is apparent, when glucose is drawn in the ring-opened 
form, that the reaction is a nucleophilic addition at the carbonyl 
bond.
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In ring form the reaction can be represented as follows:-
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D-glucose D-glucosylglycine
The Schiff’s base is thus in equilibrium with the aldosylamine 
in the ring form.
Ketoses react in a similar manner to form ketosylamines.
2) Molecular (Amadori) Rearrangement
A molecular rearrangement then occurs (involving ring-opening 
and closing) and the aldosylamine is converted to the corresponding 
ketoseamine (ketosylamines rearrange to form aldoseamines).
3) Further Reaction to form Pi-amino Sugars
The ketoseamine or aldoseamine from stage (2) can react with 
another molecule of reducing sugar to form a diketoseamine or 
dialdoseamine.
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if) Formation of Reaction Intermediates
The ketoseamines and diketoseamines shown above (similarly 
aldoseamines and dialdoseamines) undergo degradation to form osuloses
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3-deoxyosulose can then undergo a number of reactions.
a) Conversion to a furan system
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t*) Reaction with Amino Acids
Osuloses can react with amino acids to produce aldehydes (the 
Strecker degradation).
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c) Pyrazine Formation
One of the products from the Strecker degradation can form addition 
products with itself and, on oxidation, these products yield pyrazines.
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Alkyl-substituted pyrazines are common products of browning systems.
5) Formation of 'Pigments
Compounds from stage (4) can react with each other, or with amino 
compounds, to form brown pigments which, on further self-condensation, 
yield melanoidins.
The Manufacture of Toffee
In 1974 47,995 tons of toffee were produced for home consumption 
(C.C.C.A.A.R. 1974-5)* "Toffee"-is also known as milk caramel, or 
caramel, the only difference being in the moisture content of the 
confection. Toffee is harder in texture and lower in moisture content, 
containing about ¥p water whilst caramel is softer and contains 5~9p 
water (Minifie 1970) but the two words, however, have become inter­
changeable and often do not accurately describe the type of confection 
meant. There is further confusion, too, since ’'caramel" is also used 
to describe caramelised suga,r (used, for instance, to make "toffee" 
apples) which is made simply by heating sucrose with a little water until 
a brown colour is produced. Caramel, made by the thermal degradation of 
sucrose under alkaline conditions, is widely used in the food industry as 
a colouring agent but this product also has no relevance to the confec­
tion known as "toffee".
The large-scale manufacture of toffee involves the handling of 
large amounts of starting materials (confectioners glucose, condensed 
milk and fats) and end product which, because of their flow properties, 
have necessitated the development of suitable plant. The production of 
toffee takes place in three main stages and these are summarised in 
Fig. 1.
\
Fig* 1 Stages in Toffee Manufacture
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Premixing
It is of great importance in toffee manufacture that the ingredients 
be thoroughly mixed before cooking. If sucrose is not completely 
dissolved before cooking commences there is the possibility of graining 
(unwanted sugar crystallisation) at a later stage in the process. If 
the fat is incompletely emulsified some separation of this would occur at 
high cooking temperatures. There would also be the possibility of 
localised caramelisation in areas of high milk and sugar concentration, 
leading to uneven browning throughout the whole batch.
The first stage in toffee production is therefore homogenisation of 
the ingredients. For the batch production process the ingredients are 
usually mixed together in the premixing vessel until homogenisation is 
complete. The mixing temperature and time is relatively unimportant,
Lees and Jackson (1973) recommending a temperature of 40°C for ten minutes,
Lees (1973) suggests 50°C for 20 minutes and Anon. (1975) a temperature 
of 75°G for five minutes. For continuous manufacture of toffee it is 
even more important that ingredients be homogenised since a representative 
sample of premix must always pass through the cooker. More stringent 
precautions are therefore taken than for batch production, a typical 
premixing process being that described by Gotsch (1973)* The sucrose is 
dissolved in water at 110 - 112°G before being pumped to another chamber 
containing hot confectioners glucose. The two sugar syrups are com­
pletely homogenised before being pumped to another chamber where milk 
and liquid fats are mixed with the syrup by rapid stirring. The premix 
is then ready for the continuous cooking procedure which is described 
in the next section.
Garamelisation
The development of flavour and colour is effected by cooking the 
premix under reproducible conditions. The cooking temperature affects 
the moisture content of the final product and hence the texture, and 
varies from 120°C for a soft caramel to 150°C for a hard toffee 
(Skuse 1957)* Caramelisation is effected by two main processes, batch 
production or continuous manufacture.
Batch production is carried out by heating a charge of premix 
(usually 2 cwt) to the desired temperature in a copper, steam-heated 
pan equipped with very close fitting stirrer blades (in some equipment 
these scrape the sides of the pan). The premix is usually held in a 
separate tank and pumped to the caramelisation unit as required although 
a few manufacturers premix and caramelise the ingredients in the same 
vessel (this decreases the throughput of the steam-pans). It is possible, 
by this method of caramelisation, to produce about 400 lbs of toffee 
per hour.
Continuous manufacture is a more complex process involving a 
number of stages. Two types of equipment are in use at the present 
time, made by Tourell and by Baker and Perkins. The overall design is 
similar in both makes of equipment and detailed description is given 
by Lees and Jackson (1973) and in the makers' sales literature. Briefly, 
the continuous manufacture equipment consists of a premix vessel con­
nected to two vertical tube dissolvers which ensure complete solution of 
the sugars and homogeneity of the mix. The mixture is then passed to 
the cooker which is a steam jacketted horizontal trough containing a 
rotating mixer. It is here that the excess moisture is evaporated 
and caramelisation takes place. From the cooker the toffee is dis­
charged into a holding vessel where caramelisation is completed and 
additives such as flavourings, fats or emulsifiers may be incorporated. 
The mixture spends seven minutes in the vertical dissolver units, 
eighteen minutes in the cooker unit and five minutes in the holding 
vessel, making a total processing time of 30 minutes. The Tourell 
equipment has a throughput of 1000 lbs of toffee per hour, almost three 
times the rate of production by batch methods.
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Fig. 2 Block Diagram of Tourell Continuous Manufacture Toffee Plant
The continuous manufacture process is favoured by most large 
companies since it is possible to produce greater quantities of toffee 
in a given time in this way. The process is also more versatile than 
batch methods since water evaporation and caramelisation stages are 
separated. It is thus possible to produce any combination of texture and 
flavour, from hard, slightly caramelised toffee to soft, highly caramel­
ised toffee. '
Cooling and Cutting of the Product
The hot, molten toffee is ready, at this stage for cooling, 
cutting and wrapping and this may be achieved in two ways, by depositing 
or extrusion.
Depositing is the more direct way of cooling and shaping the toffee. 
The mix is simply dropped into silicone moulds or onto a moving conveyor 
belt and allowed to cool. The cooled toffee on the belt is cut into 
shape by knives and passed to a wrapping machine which packages the 
confection in the desired manner. Toffee pieces are ejected from the 
moulds and wrapped in a similar way. The depositing temperature is 
of importance since it affects, ultimately, the shelf-life of the 
sweets (Lees and Jackson 1973) and the rate of production of wrapped 
toffee. The flow properties of toffee are dependent upon its temperature, 
moisture and protein content (Duck 1957) and, during manufacture, a 
compromise must be reached concerning the depositing temperature. High 
temperatures decrease the viscosity of toffee, hence increasing the rate 
of deposition, but reduce the shelf-life of the finished product. Low 
depositing temperatures, whilst improving the keeping qualities, 
slow down the rate of production.
Extrusion is the process whereby the toffee is fed from the holding 
vessel to a machine which produces a "rope” of toffee which is cut to 
the appropriate size and passed to a wrapping machine. It Is particularly
used when the toffee is to he coated with nuts or chocolate.
The paper used for wrapping toffee is frequently coated with 
an.tioxidant which is effective in reducing the rate of formation of 
off-flavours through rancidity, thus extending the confection's shelf- 
life. Butylated hydroxyan.isole or propyl gallate are in common use as 
antioxidants (Martin 1950)•
Past Work on Toffee Flavour
Little analytical work has been carried out on toffee systems.
Stansell (1971) has investigated the effect of changing various 
parameters on the development of toffee colour. He found that the degree 
of caramelisation was dependent upon the stirring speed during boiling, 
the time of cooking above 115°C, pH and the amount of oxygen present.
The reducing sugar content also affected browning since mixtures con­
taining sucrose and sorbitol only browned very little whilst those con­
taining relatively high proportions of reducing sugars browned more than 
normal. The effect of modifications of the milk protein upon browning 
were also studied. It was found that whey protein did not produce as 
intense a brown colour as casein and that casein hydrolysates produced 
little colour in cooked mixtures. Mixtures of amino acids, added before 
cooking instead of the protein, produced various results. Tyrosine and 
proline produced no colour or flavour; a mixture of leucine- histidine, 
arginine, tyrosine, lysine and valine gave no colour and a peculiar flavour 
reminiscent of dry bread; lysine, valine and glutamic acid developed a 
pale brown colour and little flavour; lysine alone produced rather more 
browning but no toffee flavour. Other proteins were incorporated into 
the mixture instead of casein and only egg albumen produced any real 
colour and flavour (gelatin, soya albumen and wheat gluten produced no 
colour or flavour).
Glover (1973) has studied the reactions in casein-glucose model 
systems but could not relate the results to actual toffee systems.
Analysis of ether extracts of commercial toffee did, however, reveal 
the presence of methyl furan, methyl propyl ketone, ethyl acetate and 
ethyl formate.
Talapatra (197*0 has identified 226 compounds in the high vacuum 
distillate of toffee by combined gas chromatography-mass spectrometry, 
but only twelve major peaks were seen in chromatograms of the distillate. 
Some were due to even-numbered carboxylic acids (arising from the butter 
in the toffee) and the others were due to ethyl formate, ethyl acetate, 
furfuryl acetate, 2-furfuraldehyde, 2-furfuryl alcohol, difurfuryl ether,
2-methyl-3-nonene and 2-methy1-3-hydroxypyrone. Amongst other compounds 
identified, although in much lower concentrations, were 1,^-dioxane, 
phenylacetaldehyde and k- alkyl pyrazines. Limited studies on chemical 
changes due to cooking showed that the carbonyl content of the system 
decreased as the cooking time increased.
Keeney et al (1970) collected volatiles from toffee during cooking 
and found a mixture of even-numbered carboxylic acids, lactones, esters, 
aldehydes and methyl ketones (many of these compounds are present in 
butter alone).
Finally, some workers have identified compounds which are claimed to 
have caramel aromas. Kung (197*0 has reported that coffee contains
3-hydroxy-3-penten~2-one (the enol form of 2,3-pentanedione) and that 
this compound has caramel aroma. Similarly Shaw et al (1963) found that
a product of base-catalysed fructose degradation& 3>*h-dimethyl-2-hyaroxy-2~ 
cyclopenten-l-one (i) had a strong caramel-like aroma and Shaw et al (1969) 
found that 2,5-dimethyl-^-hydroxy-3(2H)-furanone (il) (from base-catalysed 
sucrose degradation) had a similar aroma.
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Analytical Methods
The analytical methods used for the work described in later 
chapters have often been selected from large numbers of alternatives. 
Although limitations of space do not permit an exhaustive review of all 
the alternatives, the most important methods are reviewed below,
i) Sugar Determinations
There are numerous analytical procedures available for the 
determination of sugars in foods and the technique employed often depends 
upon the sugar, or mixture of sugars, present.
Sugars have many useful properties upon which these techniques 
are based. Thus chemical methods make use of the reducing properties 
of some sugars, as for example, the Lane-Eynon constant volume method 
(Lane and Eynon 192:3) or the Luff-Schoorl method (Luff and Schoorl 1931)* 
Similarly, Scales (1919) and Hinton and Kacara (1927) developed methods 
based upon iodometric titration of the sugars. Biological methods, 
involving enzymes, can also be used, the method again depending upon 
the reducing properties of some sugars (Norton and Smith 196?).
Physical methods have also been used for the determination of 
sugars. Thus the property of sugars to rotate the plane of polarised 
light has been utilised and many polarimetric methods are in use. 
Similarly densitometric, refractometric and colorimetric methods are
used for sugars analysis. Bates (19^2) gives detailed accounts of 
all the physical methods mentioned above, along with their applications 
and limitations.
• Various chromatographic methods are also in use, in particular 
paper and thin-layer chromatography, electrophoresis and gas-liquid 
chromatography (GLC) (Smith 1970).
Although each of the above techniques has advantages when applied 
to specific sugars or simple sugar mixtures, only GLC offers a, rapid 
quantitative separation and. analysis of complex sugar mixtures.
Since sugars are involatile compounds it is not possible to subject 
them directly to GLC analysis and it is necessary, initially, to convert 
them to volatile derivatives. Reducing sugar derivatives each produce 
two GLC peaks since they can exist in the anomeric a- or (3 - forms and 
chromatograms of derivatised sugar mixtures can thus be complicated (see 
fig. b ) • It is possible to obviate this problem by reducing the 
sugars with sodium borohydride before derivatisation. The corresponding 
alditols produce only one peak by GLC since the anomeric forms are 
destroyed (see below).
ch2oh
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a- or (3-D-glucose (aldose) D-glucitol (alditol)
Although a useful method for simplifying chromatographic analysis, 
reduction prior to derivatisation is time-consuming and adds another 
step to the analytical procedure which might affect quantitative analysis* 
There are four common types of derivatives (either for aldoses or 
alditols) which are suitable for GLC and they-are discussed below,
1) Methyl Ethers
The methylation of sugars is carried out with methyl iodide and 
silver oxide as described by Kuhn et al (1955)* The methylation reaction 
is illustrated below.
•-0-H + GH^I  5> -O-CH^ + HI
Sugar Methyl ether
2) Acetyl Derivatives
Acetyl derivatives are formed by reaction of the sugar (or alditol) 
with acetic anhydride as described by VandenHeuvel and Horning (1961).
The GLC of acetyl derivatives of alditols has been described by Shaw 
and Moss (1969). The acetylation reaction is shown below.
-0-H +
Sugar
3) Trifluoracetyl (TFA) Derivatives
These volatile derivatives have been prepared byVilkas et al
(I966) by heating the sugar mixture with trifluoroacetic anhydride in 
acetonitrile. Similarly TFA derivatives of the corresponding alditols 
have been analysed by Matsui et al (1963), although the procedure described 
was more complex than for aldoses. The trifluoroacetylation reaction is 
shown on the next page.
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Sugar F^G 0 TFA derivative
The three methods described above, although producing quantitative 
yields of sugar derivatives, are time consuming and offer no obvious 
advantages over the fourth method which is much more rapid.
*0 Trimethylsilyl (TMS) Derivatives
TMS derivatives of sugars or alditols are the most commonly used 
compounds for GLC analysis of sugars. They offer quantitative con­
version of the sugar, rapid reaction time and stability of derivatives. 
The method was originally developed by Sweeley et al (19&3) an^ ^as 
since been extended by the use of other derivatising agents. The 
silylation reaction, and a summary of the available derivatising agents, 
are shown below.
-O-H + (CHj,Si+  > -0-Si(CH )
Sugar TMS derivative
i) Hexamethyldisilazane, trimethylchlorosilane, pyridine (Sweeley 
et al 1963).
ii) Hexamethyldisilazane, trifluoroacetic acid, pyridine (Brobst and 
Lott 1966).
iii) Bis-(trimethylsilyl)-acetamide,pyridine (Klebe et al 1966). 
iv) Bis-(trimethylsilyl)-trifluoroacetamide, pyridine (Zumwalt et al
1967).
v) Trimethylsilylimidazole, pyridine (McManus 1970).
\
Mixtures (i) and (iii) are only applicable to scrupulously dry 
samples since moisture destroys the reagents. Mixture (ii) was developed 
for the silylation of glucose syrups which contain about 20$ water and 
(v) can silylate samples in the presence of 50$ water. Although pyridine
Is generally used as solvent there are other possibilities such as 
acetonitrile or tetrahydrofuran (Pierce 1972). Ellis (19&9) has 
suggested the use of dimethylformamide or dimethylsulphoxide as solvent 
since, in the course of reaction, an upper layer of hexamethyldisiloxane 
is formed into which the TMS derivatives are partitioned. If the sugar 
mixture to be analysed is moisture-free, however, the choice of silylating 
reagent is not critical and depends upon such factors as cheapness, 
availability, ease of use and stability.
5) Butaneboronic Acid Derivatives
A fifth method of derivative formation is worth noting. Eisenberg 
(1971) has prepared the cyclic butaneboronic acid esters of a series of 
aldoses and alditols with butaneboronic acid as reagent. Although the 
method shows no obvious advantage over the silylation procedure, it is 
simple and rapid and both reagent and product are stable in the presence 
of air or moisture. The reaction scheme is shown below.
I
-C-OH ,
1 I
-C-OH -h C;iHoB(0H)o — ■> -C-0 
I ^ 9 2 \
I *V?9 + 2K20
-C-0
I
diol Butaneboronic dioldibutaneboronate
acid
Lastly, mention must be made of a relatively new and fast developing 
analytical method for mixtures of sugars. High Pressure Liquid Chromat­
ography (KPLC) is being used increasingly to solve analytical problems
and its application to sugar analysis has met with some success. It is
possible, at the present time, to analyse mixtures of most monosaccharides 
and some disaccharides and trisaccharides by HPLC, which involves the 
elution of components from a column (about y  long), containing cation 
exchange resins, by aqueous solvent or by simple solvent mixtures.
Analysis is usually carried out at room temperature and components are
detected by changes in the refractive index of the eluate. Thus Palmer 
and Brandes (197^) have analysed mixtures of sucrose, glucose and 
fructosej Belue and McGinnis (197^) have analysed ribose, cellobiose and 
stachyose and Hobbs and Lawrence (1972) have developed a routine method 
for the analysis of lactose in milk.
KPLC has the advantage that no derivatisation of samples is needed 
and that the analysis time is usually short ()f the order of 30 minutes 
maximum). The equipment and columns required for analysis, however, are 
relatively expensive since the method is still in an early stage of 
development.
ii) The Hydrolysis of Proteins and Amino Acid Determinations
The analysis of the amino acid content of proteins (casein in this 
instance) can be divided into two stages. The first involves hydrolysis 
of the protein to liberate free amino acids and the second is the 
determination of these.
The second stage is recognised to have less influence on the 
accuracy of the determination than the first (Kaiser et al 197^) and 
relatively little development work has been carried out on it. Roach 
and Gehrke (1969) have developed a GLC method for amino acid analysis 
but it involves the formation of the N-trifluoracetyl n-butyl esters 
since free amino acids are too involatile to be analysed by GLC. The 
most common procedure for a,mino acid analysis is that employed by amino 
acid autoanalysers. It involves chromatographic separation of free 
amino acids on a cation exchange column with buffers of increasing
alkalinity, followed by reaction with ninhydrin and subsequent detection
\
by spectrophotometry. Full details of the method are given in the 
BioCal BC100 amino acid analyser handbook (LKB Instruments Ltd. Croydon).
The liberation of free amino acids from protein is a difficult 
procedure to carry out quantitatively since certain peptide bonds are
resistant to scission (valine, isoleucine and leucine, Kaiser et al 197*0 
and some free amino acids are-labile under the conditions of hydrolysis 
(threonine, serine and tyrosine, Kaiser et al 197*0 an<^  are partially 
or totally destroyed. Much care must he taken, therefore, in the choice 
of conditions for protein hydrolysis (very often the conditions of 
hydrolysis are dependant upon the protein under examination).
Hydrolysis of proteins can he effected with alkali, commonly 
sodium or barium hydroxide (Miller 1967)> enzymes (Hill and Schmidt 1962) 
or acids (Davies and Thomas 1973)* Alkaline hydrolysis results in 
extensive decomposition of certain amino acids and enzymic hydrolysis 
is a limited procedure since only certain linkages are broken (Davies 
and Thomas 1973)* Acid hydrolysis has therefore gained wide acceptance 
in recent times, and although sulphuric acid has been used (Vickery 1922), 
it is common to use hydrochloric acid. The most frequently used con­
ditions for hydrolysis are a temperature of 110°C, held for 2b hours, 
using 6-N hydrochloric acid as the hydrolysing agent. These conditions 
represent a compromise between on the one hand incomplete hydrolysis, 
and, on the other, destruction of labile amino acids. Roach and Gehrke 
(1970) t however, have hydrolysed proteins with 6-N hydrochloric acid 
at 145°G for four hours and have reported that results agree closely 
with the standard procedure mentioned above but this method has not 
gained wide acceptance.
iii) The Determination of Available Lysine
Many methods are in use for the determination of available lysine 
and the common ones depend upon reaction between the e-amino group and 
some reagent, followed by acid hydrolysis and detection of the product. 
Other methods are available, however, but have not been used so commonly. 
Thus it is possible to determine available lysine by an electrophoretic
procedure (Asquith et al 1969) the technique is not simple and 
requires special equipment.
There are four methods which have been used for the determination 
of available lysine by reaction of the £-amino group and they have been 
investigated by Finot and Mauron (1972). The Kak’ade and Liener (1969) 
method involves the use of 2,4,6-trinitrobenzenesulpho:oic acid (TNBS) 
to produce e-trinitrophenyl lysine which can then be detected colorimet- 
rically. Oratz et al (1966) suggested the use of p-iodobenzenesulphonyl 
chloride for reaction with e-amino groups of lysine and Bujard and 
Mauron (1964) used 0.-methyl-isourea to estimate available lysine.
Finot and Mauron (1972) found that the first two reagents were not 
specific enough and that they reacted with s-deoxyketosyl-lysine (likely 
to be present in systems which undergo the Maillard reaction, see earlier), 
thus giving too high a value for available lysine. The third method 
(Bujard and Mauron 1964) is specific for available lysine but is time- 
consuming and complex. They concluded that the Carpenter (i960) method 
was the best under the circumstances, involving the formation of e-dinitro- 
phenyl lysine with l-fluoro-2,4-dinitrobenzene as reagent, followed by 
acid hydrolysis and detection by spectrophotometry*
Recently, however, Hall et al (1975) have determined available lysine 
using the TNBS method and have reduced errors by careful choice of reaction 
conditions, although no mention is made about specificity of the reaction.
iv) Determination of 5-hydroxymethylfurfural (HMF)
Dhar and Roy (1972) have investigated the methods available for 
the determination of HMF# They found that on close investigation, all 
four methods gave inconsistent results, and that this was due, in part, 
to the high solubility of HMF in water, and the subsequent difficulty 
of extracting it into other solvents. The methods investigated were
the diphenylamine (Braun 1939)t p-toluidine-barbituric acid (Winkler 
1955) > resorcinol (Schade et al 1958) and benzidine (Rao and Taiwade
1966) in which each of these compounds was treated with HMF (after 
extraction). The method proposed by Dhar 3,nd Roy (1972) is simple, 
involving removal of sugars by activated charcoal, and requires no 
further reagents since HMF present is detected spectrophotometrically.
The results obtained by this method were accurate and reproducible 
and recoveries of added HMF were good.
v) The Determination of Pyrazines
Pyrazines occur widely in roasted foods (Maga and Sizer 1973) 
and few methods have been developed for their quantitative analysis.
Most methods that have been used involve the separation of the compounds 
from the food matrix by some form of distillation. Thus Koehler and 
Odell (1970) used a falling-film evaporation technique to separate 
pyrazines from model systems of glucose and asparagine, Manley and 
Fagerson(l970) used atmospheric steam distillation to separate pyrazines 
from hydrolysed soya-protein and Mason et al (1966) used vacuum steam 
distillation to remove pyrazines from roasted peanuts (in glycerol).
The various distillates were extracted with dilute hydrochloric acid 
(making use of the basic properties of pyrazines), made alkaline and 
the pyrazines extracted into an organic solvent. Separation and 
detection is usually carried out by GIG with a Carbowax column. Such 
detection methods are useful for the relatively high levels of pyrazines 
found in coffee and peanuts etc., but, even in these systems, quantitation 
has proved to be difficult, since in many cases, interfering peaks are 
seen in chromatograms of food extracts. Reineccius et al (1972) claimed 
to have quantitated pyrazines in cocoa beans by solvent elution of the 
compounds with diethyl ether, clean-up, and subsequent detection by GK5,
but it seems unlikely that such a method would be selective or sensitive 
enough for application to most food systems (King 1974).
vi) Vacuum Steam Distillation as an Isolation Technique
The isolation of carboxylic acids and carbonyls from food systems 
containing fat is a procedure which must be carried out carefully, since 
the level of acid or carbonyl found can depend upon the technique used. 
Ellis et al (1968) has compared methods of analysis of carbonyls (see 
later) and has concluded that a vacuum distillation isolation technique 
may be of greatest use in this type of food system. Conditions used 
for vacuum distillation can vary widely and are often dependent upon 
the purpose of the procedure. Since, in the course of this work, it was 
necessary to analyse carboxylic acids and carbonyls in toffee, and also 
to produce odour-free butteroil, the conditions that have been used for 
both purposes are reviewed here.
For studying lower boiling compounds in butteroil, Forss et al
(1967) employed cold-finger molecular distillation at a temperature of 
60°C and a pressure of 5 x 10 ^torr. Day and Lillard (i960), in their 
work on oxidation of milk fat, employed even milder conditions, the 
temperature being 40°C and the pressure 2.-3 torr* The authors recog­
nised that such conditions were not efficient in removing all volatile 
compounds, but their aim was to keep heat-generated compounds to a 
minimum. Falling film distillation techniques have also been used (Winter 
et al 1963)j conditions employed again being very mild.
For deodorisation of butteroil, however, the technique used must 
be more efficient, and the generation of heat-induced compounds is 
relatively unimportant. Temperatures employed for efficient deodorisation 
are generally in the range 140 - 220°G and the reduced pressures used 
vary between 1 torr and 15 torr. Siek et al (1969) steam distilled
butteroil at 210 ± 10°G under a vacuum of 1 torr for 2 hours to produce 
flavour-free butteroil for use in taste threshold experiments. It 
should be noted that such conditions necessitated the use of an anti­
oxidant to prevent off-flavours forming in the butteroil on storage.
Cocks and van Rede (1966) recommend the use of temperatures in the 
range 140 - 200°G (depending upon the oil). They found that the volume 
of water needed for deodorisation depended upon the pressure, for example, 
at 0.1 torr about 3/*water (wt/wt of fat) was necessary to effect complete 
deodorisation. Stark et al (1973) found that the temperature employed 
for butteroil was critical - if below 180°C deodorisation was incomplete 
and if above 200°C off-flavours developed during storage. They recom­
mended the use of temperatures between 185 ° and 200°G at a pressure of 
15 torr for a period of five hours. Even then, they found that traces 
of CIO and G12 fatty acids and higher 6-lactones remained in the butterr 
oil and that the most efficient way to remove these was by cold-finger 
molecular distillation.
vii) The Determination of Carboxylic Acids
The separation and quantitative identification of mixtures of 
carboxylic acids inevitably involves the use of chromatographic pro­
cedures since other methods of separation and identification are too 
time-consuming. Thus thin-layer chromatography (Ting 19^5, Ord 1966,
Lees 1966) and paper chromatography (Blundstone 19&3* Gilbert 19&3) 
have been used, but the results by these methods cannot be reliably 
quantitated. Gas-liquid chromatography (GLC) has been extensively 
developed for the analysis of carboxylic acids since the original work 
on Cl - C12 acids by James and Martin (1952) and it is the method most 
commonly used at the present time.
The analysis of free fatty acids by GLC, however, is a difficult, 
and often inaccurate, procedure. High column temperatures must be 
employed owing to the lack of volatility of higher acids, and adsorption 
and subsequent slow desorption on the active sites of the support phase 
occurs on many columns, causing "ghosting" and poor peak shapes, phenomena 
which make quantitative analysis difficult.
Cochrane (1973) analysed C2 - C12 free fatty acids on a column packed 
with 25# neopentyl glycol adipate on Chromosorb ¥, the carrier gas being 
passed through s. formic acid solution to minimise "ghosting" effects and 
column deterioration (Formic acid is strongly'adsorbed onto the active 
sites of the support phase). For higher acids, however, it was necessary 
to use a different column packed with the same stationary phase, but at 
a lower loading (10#). Much work has been carried out on GLC of lower 
free fatty acids (up to C6), support and stationary phases having been 
developed to minimise "ghosting" and peak tailing. Thus Tyler and 
Dibdin (1975) analysed C2 - C5 free fatty acids on a column of ortho- 
phosphoric acid-modified Phasepak Q, and Hrivnak et al (1972) analysed 
C2 - C6 free fatty acids on a column containing a mixture of UCON 
LB-550-X and phosphoric acid.
Since acids can be easily converted to esters which are more volatile, 
it is these derivatives which have most commonly been analysed by GIG • 
They may be analysed at lower working temperatures and the peak shapes 
obtained are much better than those from the free acids.
The analysis of a wide range of acids (C2 - C18) as their ester - 
derivatives presents problems since the volatilities of any group of 
esters vary greatly over this range. For instance, methyl esters of 
the higher acids can be readily analysed at column temperatures of 200°C 
(Patton et al i960) but the C2 - C4 acid esters are too volatile to be
separated from the solvent peak. As a consequence other derivatives 
have been produced, such as the butyl, phenacyl and decyl esters.
Craig et al (1963) analysed C2 - C9 acids as their butyl, phenacyl and 
decyl esters and concluded that the esters of the lower acids were 
involatile enough to be separated frcm the solvent peak by GLC. It is ' 
likely, though, that these esters of higher acids (Cl6, C18) would be 
too involatile for GLC analysis, so the formation of these derivatives 
do not obviate the problems mentioned above,
viii) The Determination of Carbonyls
Chromatographic techniques are usually applied to the separation 
and identification of carbonyl compounds. Detection in food systems 
involves the separation of-carbonyls from other classes of compounds, 
and this is done often by converting them to stable derivatives (oximes, 
phenylhydrazones, bisulphite-addition compounds or 2,4-dinitrophenylhydra- 
zones, DNPH's) prior to separation and detection.
Vogh (1971) has analysed carbonyls as their oxime derivatives by 
GLC, but the derivatives easily decompose under gas-chromatographic 
conditions and it was necessary to use all-glass apparatus to minimise 
breakdown.
Phenylhydrazone derivatives have been analysed by GLC by Korolczuk 
et al (1974) and good resolution of a mixture of derivatives of C2 to 
Cll aldehydes and ketones was obtained. These compounds are stable to 
analysis by GLC and are more volatile than the corresponding DNPH 
derivatives.
Ellis et al (l965) have reported the analysis of carbonyls in car 
exhaust by conversion to their bisulphite-add'ition compounds, separation 
and detection as free carbonyls by GIC.
The analysis of carbonyls as their DNPH derivatives has become the 
most'widespread method for determination of aldehydes and ketones. Such 
derivatives are easily made, stable for long periods, readily soluble 
and are highly coloured, thus making detection easy by colorimetry.
There are four chromatographic methods currently in use for the separation 
of mixtures of DNPH derivatives and they are:-
i) Paper chromatography - Linko et al (1962) have analysed DNPH
mixtures by chromatography on Whatman No 4 paper with cyclohexane/ 
dimethylformamide as the solvent. The developed DNPH derivatives 
were detected by U. V. spectrophotometry, 
ii) Thin-layer chromatography (TLC) - Onoe (1952) separated and 
identified mixtures of.aliphatic aldehyde DNPH derivatives on 
Silica Gel plates and Rusmus (I96I) used plates of activated 
alumina.
iii) Column chromatography - Schwartz et al (1962) separated a mixture 
of DNPH derivatives of methyl ketones, saturated aldehydes,
2-enals and 2,4-dienals into classes on a column of Magnesia-Celite. 
Individual classes were then resolved by column partition chromat­
ography, and detected by II.V. spectrophotometry, 
iv) Gas-liquid chromatography (GLC) - Soukup et al (1964) have reported 
the analysis of DNPH derivatives of carbonyls up to Cil by GLC 
and Pias and Gasco (1975) have reported separation Of derivatives 
of carbonyls up to C13, both sets of workers using columns con­
taining a silicone stationary phase. It is necessary to use high 
column oven temperatures for such work, owing to the low volatility 
of the derivatives, and glass columns must be used to prevent 
decomposition during analysis. Methods have been developed whereby 
the DNPH derivatives may be converted back to free carbonyls for
subsequent GLC analysis with a-ketoglutaric acid (Kalvarson 1971 * 
Ralls I960), thus solving some of the problems mentioned above* 
Metwally et al (1973) have analysed carbonyls by the conversion of 
their DNPH derivatives to ethylene- thioacetals and ketals but 
recoveries of carbonyls by this method were low.
The isolation of carbonyls from food systems constitutes a problem 
in itself, especially when they are present in relatively low concentrations. 
It is usual to concentrate the carbonyls before derivatisation and analysis 
and the technique used depends upon the food to be analysed. Thus the 
separation of carbonyls from fats, or fatty foods, has been achieved by 
some form of distillation (see earlier) or by extraction with Girard's 
reagent (Ellis et al 1968). This method has been used by Ellis et al 
(I968) and involves treatment of the foodstuff with a Girard reagent which 
converts carbonyls to water soluble derivatives which may be separated 
from the fat. Free carbonyls are then regenerated and separated and 
identified by any of the methods mentioned above.
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SUMMARY
iLjm-; ..‘rrrgB
Changes in the basic constituents of premix (uncooked toffee 
mixture) and toffee, both of which were supplied by a commercial 
manufacturer, have been monitored by a variety of techniques. Ash, 
moisture, total reducing sugars, Kjeldahl nitrogen and fat have all 
been determined by standard techniques. Individual sugars were con­
verted to their trimethylsilyl derivatives and analysed by GLC.
Amino acids were determined by a Technicon Autoanalyser after acid 
hydrolysis of premix and toffee samples. Free amino groups were 
determined by reaction with 2,*J-fluorcdinitrobenzene and subsequent 
spectrophotometric measurement (Carpenter method) and free fatty acids 
were determined by titration against dilute alkali.
The results, and their relevance to the browning reaction, are 
discussed at the end of the chapter.
EXPERIMENTAL
Toffee Making
It has been necessary at times, during the course of this project, 
to make toffee with known constituents, for which the commercial premix 
and toffee samples were unsuitable. All samples, unless otherwise 
specified, have been made by the recipes listed below.
Normal Toffee Sorbitol Blank Toffee
Flour 
Blank Toffee
Sucrose 150g Sucrose I50g Sucrose 203g
1
Condensed Milk 150g Condensed Milk 150g Flour (Plain) 15g
2
Confectioners Confectioners
Glucose 150g Sorbitol 120g Glucose 150g
Fat5 60g Fat 60g Fat 60g
Water 40g Water ?0g Water 100g
Lactose 22g
1) Fussells Skimmed
2) 42 DE (See Page 59 )
3) Hydrogenated Palm Kernel Oil (HPKO) extracoa or ’Wheelbarrow1 
Dutch unsalted butter
Ingredients were stirred together for 45 minutes in a water 
bath held at 65°Co The homogeneous mixture (premix) was transferred 
to a caramel cooker (see below) and boiled to 120°C over a period of 
twenty-six minutes, whilst being stirred at 300 RPM.
The Caramel Cooker
The caramel cooker is shorn in fig. 3. The cooking vessel is a 
standard aluminium milk saucepan which is heated by an electric hotplate.
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Fig.3. Caramel cooker.
A steel plate is pegged to the hotplate surface to reduce temperature 
differentials and allow a thermometer to be inserted. Stirring is 
effected by an electric motor controlled by a variable transformer, 
and the stirrer itself is contoured to fit the saucepan and set to 
2 mm clearance. Small stirrer blades are mounted transversely to 
the main one, higher up the shaft, to create turbulence in the batch.
A fixed baffle plate is placed between the two stirrers to prevent 
very viscous batches rotating with the stirrer and to protect the 
thermometer which is used to measure the batch temperature.
It is probable that the degree of caramelisation varies with the 
type of equipment used, and there may be some variation in the 
relative quantity of reaction products formed due to process variables. 
Hence conditions for caramelisation are made as reproducible as poss­
ible, and cooking time and temperature are chosen to be as close as 
possible to conventional processing conditions. Average values for 
cooking times are considered to be of the order of 20 minutes in a 
steam heated pan with a steam pressure of between 50 and 100 p.s.i. 
and the cooker is built with the aim of reproducing these conditions.
All toffee samples were stored in waxed paper bags in a cold 
room at 5°G. Premix samples were vacuum packed into polythene bags 
and stored in a deep freeze at -30°C until required. Homogenisation 
of premix samples was necessary before analysis due to some separation 
of constituents during storage.
Ash Determinations
Samples (about %)  of premix or toffee, in platinum crucibles, 
were carefully charred over Argand burners. The samples were then 
ashed to constant weight in a muffle furnace at 550°C*
Moisture Determinations
Sand (25g) was dried to constant weight in a moisture dish at
105°C for 30 minutes. The sample (5g) was added to the sand and
\
quickly weighed (to minimise moisture evaporation to the atmosphere). 
Enough distilled water was added to dissolve and disperse the sample 
thoroughly into the sand. The dish was heated on a boiling water 
bath for 30 minutes, cooled, and the contents were ground together.
The dish was re-heated on the water bath until the contents were 
reasonably dry after which time the dish and contents were heated to 
constant weight (less than 2 mg variation between consecutive weighings) 
in an oven at 105°C.
Suga,r Determinations 
1. Total Sugars
According to the method of Smith (1972) samples (about lOg) of 
premix or toffee were blended in methanol/water (40 ml 85 * 15) with 
a Silverson mixer. The insolubles were allowed to settle and the 
liquid was decanted through a Whatman No. 1 filter paper. The 
remaining solids were blended twice more in methanol/water (40 ml 
85 : 15) and the supernatants were combined and evaporated to small 
volume (about 10 ml) on a rotary evaporator. The remaining syrup was 
partitioned with chloroform/methanol/water (60 ml 32 s 16 * 12), the 
upper aqueous methanol layer was kept and the remaining chloroform 
layer was partitioned with chloroform/methanol/water (60 ml 32 s 16 s 12). 
The aqueous methanol layers were combined and evaporated to small volume,, 
in a previously tared flask, on a rotary evaporator at 50°G, Several 
portions (10 ml) of absolute methanol were added and taken to dryness 
until a fluffy white residue was left in the flask which was sub­
sequently reweighed to calculate the weight of extracted sugars.
2* Reducing Sugars
The Luff-Schoorl (1931) method was used and reducing sugar 
content was calculated as the dextrose equivalent. Determinations 
were carried out on the extracted crystalline sugars of the premix 
and toffee. The reducing sugar content of premix and toffee was also 
determined directly, with premix and toffee samples rather than their 
extracted sugars.
3. Individual Sugars
Determinations of individual sugars in premix and toffee were 
carried out on crystalline extracts of samples, prepared as described 
earlier. Sugar extracts (about 500 mg) were dissolved in dried
pyridine (60 ml, stored over potassium hydroxide pellets) prior to
)
derivatisation and subsequent analysis by gas-liquid chromatography.
Sugar extracts were converted to their trimethylsilyl ether derivatives 
by the technique of Brobst and Lott (1966). The sugar solution (1 ml) 
was pipetted into a small sample bottle fitted with a silicone serum 
cap. Hexamethyldisilazane (l ml) and trifluoracetic acid (0.1 ml) 
were injected through the serum cap, the sample bottle shaken vigor­
ously and heated in a water bath at 65°C for 15 minutes.
Aliquots (0.5 Jil) were injected on to a Varian Aerograph Series 1700 
gas-liquid chromatograph fitted with a glass column (6* x i.d.) 
packed with 1$ 0V-17 on Chromosorb W and a flame ionisation detector.
The gas chromatograph operating conditions were*
Detector temperature 280°C
Injector temperature 180°C
Column oven temperature 175°C held for 5 minutes, then
programmed at 6°/rain, to 265°G 
Carrier gas Nitrogen at 20 ml/min.
p-Phenyl-D-glucoside (5*0 mg) was used as an internal standard
and was added to each sample before silylation. Flame ionisation
detector response factors were calculated for each sugar present using
a mixture of weighed sugars which were silylated and injected on to
the gas chromatograph. Relative response factors (k ) were calculated
according to the formula
Area of sugar peak x weight of internal standard
K = —  -----;----------------------------------- - ---
Area of internal standard x weight of sugar
Peak areas were measured by triangulation and were taken to be
proportional to the amount of each sugar present, allowing for the
response factor. The amount of each sugar present was calculated
according to the formula
^ of Wt. of int. standard in sample x area of sugar peak x 100
each sugar =  -------------------------------------------------- - --
K x area of int. standard peak x wt. of sample taken
Lactose percentages were calculated from the $-lactose peak only
since the a-lactose peak was unresolved from that of sucrose.
4. Sucrose Inversion Experiment
Luff-Schoorl reducing sugar determinations were carried out on
premix and toffee samples made according to the following recipe.
Sucrose
Sorbitol
Plain Flour
Lactose
Butter
Water 130 g
Kjeldhal Nitrogen Determinations f s . P . A .  1952)
Samples (about 2 g) of premix and toffee were analysed for total 
nitrogen content by the macro Kjeldhal procedure. Values obtained were 
multiplied by a conversion factor (6.38) to calculate the percentage 
casein present in samples.
203 g
120 g
15 g
22 g 
60 g
Amino Acid Determinations 
1. Free Amino Acids
Solutions of premix and toffee samples were boiled for 30 seconds 
with ninhydrin reagent to test for free amino acids*
2* Bound Amino Acids (Protein and Peptides)
Samples of premix or toffee (about 1 g) were heated with 6N-hydro- 
chloric acid (5 ml) in a sealed tube at 110°G for 24 hours. The 
resulting hydrolysate was filtered and run down an ion exchange column 
(Amberlite TR120 (H)) which had been washed with 2N-hydrochloric acid 
until acid and then with water until neutral. The column was washed 
with water (500 ml) and left for 1 hour. Free amino acids were eluted 
with.N-ammonia (150 ml) followed by water (100 ml). The resulting 
aqueous ammonia solution was evaporated to small volume on a rotary 
evaporator and the concentrated amino acid solution was analysed on a 
Technicon Mark II Amino Acid Analyser.
1
Attempts were also made to hydrolyse a defatted sugar-free sample 
of premix and toffee. Aqueous solutions of sample were extracted 4 
times with a mixture of diethyl and petroleum ethers (l s l) and the 
fat free solution was shaken with activated charcoal to remove sugars. 
The refractive index of each solution was measured on an Abbe refrac- 
tometer to determine residual sugar present, and the sugar- and fat- 
free samples were then hydrolysed with hydrochloric acid (6n ) for 24 
hours as described above.
Free Amino Group Determinations
The method developed by Carpenter (i960) determines the number of 
free e-amino groups in "bound" lysine. The four stages of the method 
may be summarised thus*-
1) Formation of bound e-dinitrophenyl-lysine (e-DNP lysine) with
1-fluoro-2,4— dinitrobenzene followed by acid hydrolysis to liberate 
free s-DNP lysine.
2) Extraction of interfering ether-soluble compounds from the samples 
and standard. (A standard sample of e-BNP lysine in water was included 
at this stage).
3) Solubilisation and removal (by ether extraction) of e-DNP lysine 
with methoxycarbonyl chloride. DNP-arginine is left in solution* its 
absorbance may be measured and subtracted from that of the sample at 
stage (2).
4) Measurement of absorbances at 435 nm on a Pye-Unicam SP 500 
spectrophotometer. Readings were taken of sample and standard solutions 
from stages (2) and (3) of the experiment.
Premix and toffee samples (about 20 g) were analysed using the 
above method.
A model system, comprising casein (2 g) and glucose (50 g) in water 
(500 ml) was also analysed for free amino groups after having been left 
at room temperature for 3 days.
Fat Determinations(British Standards 1951)
The Wemer-Schmidt method was used, in which hydrochloric acid is 
used to break down any protein-fat complexes present. Fat was then 
extracted using a mixture of petroleum spirit (b. pt. 40 - 60°) and 
diethyl ether.
Free Fatty Acid Determinations
Determinations were carried out on fat extracts of premix and 
toffee obtained as above. Fat (2 g) was dissolved in neutralised 
absolute ethanol (5 ml) and titrated, at 70°C, against sodium hydroxide 
solution (O.OIN) with phenolphthalein as indicator.
RESULTS
Ash Determinations
Table 2.1
$ in premix^ $ in toffee^
Ash 0.954 1.069
3Standard Deviation"^ 0.04 0.002
1) Average of 8 determinations, values varying between 0.877$ to 
1.002$.
2) Average of 8 determinations, values varying between 1.059$ to 
1.078$.
3) All standard deviations calculated using c r - j 1 \ /— \v n l_ Kx ~ v
Xi = 0
Moisture Determinations
Table 2.2
$ in premix
p
$ in toffee
Moisture content 15.0 6.4
Standard Deviation 0.15 0.05
1) Average of 4 determinations, values varying between 14.9$ to 
15.2$..
2) Average of k determinations* values varying between 6.3$ to 6.5$
Sugar Determinations 
i) Total Sugars
Table 2.3
$ in premix $ in toffee
Sugars 56.6 61.4
Sugars
Ash 59.3
57.4
ii) Reducing Sugars
a) Analysis of Crystalline Sugar Extracts
Table 2.4
fo in premix 
extract^ .
$ in toffee 
3
extract^
i
Reducing Sugars 13.1 1-5.7
Reducing Sugars 
Ash 13.8 14.6
Standard Deviation 0.02 0.02
1) Calculated sis dextrose
2) Average of 4 determinations, values varying between 13*1$ to 13*2$
3) Average of 4 determinations, values varying between 15*6$ to 15*8$
b) Analysis of Whole Premix and Toffee
Table 2.5
cf . . 2ft m  premix $ in toffee^
1
Reducing Sugars 9.2 10.6
Reducing Sugars 
Ash 9.6 9.9
Standard Deviation 0.01 0.03
1) Calculated as dextrose
2) Average of k determinations, values varying between 9*1$ to 9*3$
3) Average of ^ determinations, values varying between 10.5$ to 10.?$
The percentage dextrose equivalents of whole premix and toffee 
may also be calculated using results from the two previous experiments 
according to the formula
$ reducing sugar in _ $ reducing sugar in crystalline extract
whole sample x percentage sugar in sample
Calculated dextrose equivalent ,0 , v 0 m * *>* . . / , \ x 59*3 = 7*opof whole premix (over ash;
and calculated dextrose equivalent
of whole toffee (over ash) « 15*7 x 57*^ = 9*0$
Assuming that there are no interfering reducing substances in premix
and toffee, a measure of the efficiency of extraction of the sugars
from samples can thus be gauged.
Calculated reducing sugar content of premix _ 7*8 e oeft 
Measured reducing sugar content of premix 9*2 /J '
Calculated reducing sugar content of toffee = 9*0
Measured reducing sugar content of toffee 10.6 /V
As a first approximation, then, the sugar extraction procedure appears . 
to be about 85$ efficient,
iii) Individual Sugars
The following sugars were identified in sugar extracts of premix 
and toffee by comparison of gas chromatographic retention times with 
those of authentic reference samples!
Table 2.6
Sugar
Relative 
Response , 
. Factor (K)
$ in premix 
extract^
$ in toffee 
extract^
Fructose 0.82 0.0 0.8
Glucose 1.15 6.2 6.4
Sucrose 1,38 62.9 59.4
Lactose* 1.62 5-7 5.6
Maltose 1.14 6.4 5.0
3
Others 18.8 22.8
1) Average of 3 determinations
2) Average of 5 determinations
3) Calculated by subtraction of all other sugars from 100$
* Calculated from the (3-Lactose peak only. This peak accounted 
for 24.7$ of the total Lactose peak area, as shown by an experi­
ment carried out on a solution of Lactose in pyridine that had
been allowed to equilibrate at 60°C for 2 days.
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Multiplication of the above values by 59*3 for premix and 57*4 
for toffee (ie percentage extracted sugars over ash) gives the amount 
of each sugar expressed as a fraction of whole premix and toffee, 
moisture loss having been accounted for.
Values are as foliowst-
Table 2 ,7
Sugar % in premix $ in toffee
Fructose 0.0 0.4
Glucose 3.7 3*7
Sucrose 37.3 34.1
Lactose 3.4 3.2
Maltose 3*8 2.9
Others 11.1 . 13.1
iv) Sucrose Inversion Experiment
Table 2.8
x
f> in premix
x
/o in toffee blank
2Reducing Sugar 
Ash 4.1 5-5
1) Average of 3 determinations
2) Calculated as lactose
K.jeldhal Nitrogen Determinations
Table 2.9
$ in premix $ in toffee*
Total Nitrogen 
Ash 0.270 0.272
Casein
Ash 1.72 1.73
1) Average of 3 determinations
2) Calculated by multiplying total nitrogen values by 6*38. It is 
thus assumed that all the nitrogen is present as casein.
Amino Acid Determinations
i) Free Amino Acids
No blue colour developed in either premix or toffee when tested 
with ninhydrin, indicating the absence of free amino acids.
ii) Bound Amino Acids
A preliminary test with ninhydrin reagent on the hydrolysates of 
the defatted sugar-free samples revealed the absence of free amino 
acids end no attempt was made to analyse the solutions further.
The results of bound amino acid analyses on premix and toffee 
samples are shown in table 2*10.
Table 2.10
Amino Acid Premix
(mg/g)
Toffee
(mg/g)
$> drop
\
Aspartic Acid 0.17 0,10 41
Threonine 0.21 0.17 19
Serine 0.32 0.30 6
Glutamic Acid 1.62 1.13 30
Proline 4.1 6 3.57 14
Glycine 0.16 0.14 12
Alanine 0.32 0.25 22
Valine 0.78 0.54 31
Methionine 0.15 0.14 7
Isoleucine 0.82 0.58 29
Leucine 1.94 1.37 29
Tyrosine 0.10 0.10 .0
P henylalanine 0.54 0.46 18
Ammonia 0.02 0.08 -
Lysine 2.15 1.89 12
Histidine 0.39 0.46 -
Arginine 0.31 0.33 -
Total Concentration 
Calculated Concentration
14.16
18.7
11.61
21.1
Percentage ' yield1 76^ 55%
Free Amino Group Determinations
Table 2.11
$ in premix $ in toffee
"Bound" Lysine 0.00 0.18
Casein-glucose Kodel System
"Bound"lysine determined in casein = 
Fat Determinations
3.2$
Table 2.12
$ in premix $ in toffee^
Fat
Ash
Standard Deviation
26.4 
0.2 5
27.1
0.10
l) Average of 4 determinations, values varying from 26,0$ to 26*7$ 
Z) Average of 4 determinations, values varying from 27*0$ to 27*2$ 
Free Fatty Acid Determinations
Table 2.13
p
$ in premix fat' $ in toffee fat^
1
Free fatty acids 0.18 0.15
1) Calculated as oleic acid for premix and toffee
2) Duplicate determinations
Free fatty acid content of whole premix and toffee may he 
calculated by multiplying the avove values by the percentage fat in 
each sample.
Table 2.14
$ in premix $ in toffee
Free fatty acids 
(as oleic) 0.049 0.042
The basic constituents of lOOg of premix and lOOg toffee may now be 
tabulated.
Table 2.15
Premix (g) Toffee (g)
Casein 1.64 1.85
Sugars 56.6 61.4
Fats 25.2 28.7
Water 15.0 6.4
Ash 0.954 I.O69
Total 99.4 99.4
When lOOg of premix is cooked, 91*% of toffee will be formed and 
the constituents of each batch will be
Table 2.16
Premix (g) Toffee (g)
Casein 1.64 ■1.69
Sugars 56.6 56.1
Fats 25.2 26.2
Water 15.0 5.9
Ash 0.954 0.951
Total 99.4 90.8
DISCUSSION
Toffee Making
There are numerous recipes for the production of good milk caramels 
a typical one being that suggested by Lees (1.973) (see Table 2.17)* It 
will be assumed that the recipe for the commercial toffee, used in 
experimental work, conforms to this type of formula. Toffee made at 
the Food Research Association, Leatherhead, however, was based upon a 
simpler recipe (see Table 2.17and page 36 ) containing no flavour 
additives. The aim was to produce a standard basic recognisable toffee 
from as simple a system as possible, thus excluding irrelevant flavour 
compounds such as those present in brown sugar.
Table 2.17
Recipes for Commercial and Research Association Toffees
Commercial Toffee R.A. Toffee*
Ingredients Quantity Ingredients Quantity
(g) (g)
Glucose syrup 43DE 185 Glucose syrup 42DE 150
Brown sugar 125 White sugar 150
Full cream condensed Skimmed condensed
milk 155 milk 150
HPKO fat 45 HPKO fat or butter 60
Butter 30 Water 40
Salt 4.5
Flavouring 1.0
Emulsifier 1.0
Glyceryl monostearate 1.0
Ammonium carbonate 0.15
Total 548 550
* Recipe as on page 36
Hence the reducing sugars (in glucose syrup and condensed milk) 
and the protein (in the condensed milk) can he considered to he true 
precursors of toffee flavour, combining together in Maillard reaction 
and other types of reaction (see Introduction) to produce character­
istic compounds and flavours, which could he analysed on further 
investigation*
Stansell (1971) investigated the effect of boiling time upon the 
degree of caramelisation of toffee mixes and found that colour and 
flavour development are related to cooking time above 110°C. Fig* 6’ 
shows that the cooking time above 110°C is relatively short (about 
10 minutes), hence even a small variation in boiling time could 
markedly affect the degree of flavour development*
Temp<
Fig. 6 Influence of Heating Time 
upon Temperature of a Standard Toffee Mix
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The moisture content of toffee is directly related to the final 
cooking temperature (Steels 19&5) an<^  significantly affects the texture
of the toffee produced (Lees 1973)* Although textural differences
\
between various batches of toffee were irrelevant to the work described 
here, it is possible that such variation might affect the flavour of 
samples as perceived by a taste panel*
Stansell (1971) also investigated the effect of stirrer speed on 
the final moisture content and the degree of caramelisation and found 
that moisture ranged from 8.6^ for a stirrer speed of 100 RPM to 7**$ 
at 500 RPM* Hence variation in stirrer speed will also affect the 
texture of samples.
It was therefore of great importance that the caramel cooker used 
should be designed to enable batches to be cooked under reproducible 
conditions of boiling time, final temperature and stirrer speed.
These factors were taken into account during the development of the 
caramel cooker used, which incorporated a high thermal capacity hot­
plate (capable of adjustable, reproducible heating rates) and a stirrer 
which could be adjusted by means of a variable voltage control, linked 
to a tachometer for easy readout of the stirrer speed.
Three basic recipes were used for the production of samples and 
they are shown on page 36 • The normal toffee recipe is a basic 
mixture designed to produce a simple recognisable toffee taste. The 
sorbitol blank toffee recipe was designed to produce a substrate on 
which reactions could be carried out since casein is present in the 
mixture. The amount of reducing sugar present is very much lower than 
in the normal recipe ( ,  all lactose, compared to 26> in normal toffee) 
and consequently the extent of browning is very much less. The casein 
is thus available for other reactions, such as with 5-hydroxymethyl- 
furfural as described on page 118 , or with butter flavour compounds
as described on page 179* The texture, however, is different from that 
of normal toffee and is 1 loose” and grainy. In normal toffee the higher 
dextrins present in confectioners glucose* help keep the sugars from 
crystallising out as water is lost through evaporation -(so-called 
’’graining”), but in the sorbitol blank toffee graining occurs as these 
dextidns are not present* The taste is also obviously different from 
that of normal toffee and unfortunately the sweetness of the sorbitol 
masks any other flavours which may be developed by the inclusion of 
additives.
* Confectioners glucose (also known as glucose syrup or com 
syrup) is widely used in the confectionery industry and is manufactured 
by the controlled hydrolysis of starch, with dilute acid or enzymes* 
Starch consists of long chains of glucose units joined at the 1-^ 
positions of the sugar (amylose) and at the 1-6 position (amylopectin) 
and these structures are broken down during hydrolysis to form mainly 
mono-, di- and oligosaccharides (glucose, maltose, maltotriose etc*)
OH J OH OK
The composition of the hydrolysate may be varied, depending upon 
the conditions of hydrolysis employed and all glucose syrups are 
expressed in terms of their total reducing power as dextrose (the 
dextrose equivalent, or BE). Thus syrups of low DE contain relatively 
small amounts of glucose (10DE syrup contains 2$ glucose) and correspond­
ingly larger amounts of higher saccharides, and high DB syrups contain
much more glucose {6kDE syrup contains 37$ glucose). The dextrose 
equivalent markedly affects the uhysical and chemical properties of 
the syrup and determines its ultimate use. Thus lew DE syrups have 
relatively low viscosity and are used to impart ’’body11 to confections, 
and as binders and thickening agents. Glucose syrups with high (or 
medium) dextrose equivalents are used to impart sweetness, nutritive 
value and to promote browning reactions in the confection.
It is normal practice to use a medium DE syrup for the production 
of toffee, so that the syrup improves the texture, prevents crystal­
lisation of sucrose and promotes browning reactions. 42DE confectioners 
glucose was used for all toffee-making described herein, and the 
typical dry composition of the syrup is given below. (Lees and 
Jackson 1973)•
(Sugar solids represent 81$ of the total weight, the other 19$ being water).
Sugar Percentage (dry weight)
Glucose 18*5
Maltose 1^*5
Maltotriose 12.0
Maltotetrose 10.0
Maltopentose 8*5
Maltohexose 6.5
. Maltoheptose 5*5
Higher Saccharides 2k*5
The flour blank toffee develops no colour or toffee flavour since 
the casein is omitted from the mix. It is useful when measurements of 
losses of compounds due to other reasons than the Maillard reaction are 
to be made, as in the case of the evaporation of free fatty acids 
during caramelisation (see page 168 ),
Experimental Methods and Results 
Ash Determinations
The analysis of preraix and toffee samples for changes in basic 
constituents presents a problem since there is a weight loss due to 
evaporation of water and other compounds during boiling. The normal 
practice of relating constituents to the total weight of sample is 
therefore unsatisfactory for premix and toffee. Ash is a suitable 
constituent to which all other components of the system can be related 
since it is composed of involatile matter only and is unlikely to vary 
during cooking. Nicholls (1952) lists the constituents of ash in 
cows1 milk as being mainly carbonates of sodium and potassium, oxides 
of calcium and magnesium, phosphates and chlorides. In addition, if
salted butter is included in the recipe, sodium chloride will be
present. It was therefore important that ash determinations should 
be carried out very accurately. Hence 8 determinations were made on
premix and toffee samples and values were averaged from these.
Total Sugars
Results from the extraction of sugars from premix and toffee (see 
table 2.3) indicate that there is little overall change in the amounts 
of total sugars before and after caramelisation. The difference 
represents a drop of 3*2$ of total sugars present during caramelisation 
a value that probably lies within the experimental error. The approx­
imate calculation on page 46 shows the efficiency of extraction of 
sugars to be about 85$ for both premix and toffee, but since the cal­
culation is based upon the reducing sugar value of extracts, an error 
might be introduced if the efficiency of extraction is different for 
reducing and non-reducing sugars. It is also possible that certain 
sugars are extracted more readily than others, especially in toffee
since the physical nature of the system probably makes solvent 
penetration more difficult than in premix* Glucose is the most soluble
sugar in methanol, followed by sucrose, maltose and lactose in decreasing
\
order of solubility (Merck Index I960).
Reducing Sugars
The reducing sugar contents of extracts from premix and toffee 
and from whole premix and toffee are shown in tables 2.4 and 2.5 . In 
crystalline extracts from premix and toffee values increase by 6$ 
during caramelisation, but in whole premix and toffee, reducing sugar 
content increases by only 3$» These results indicate that reducing 
sugars are extracted more easily from toffee than premix, although 
the difference in efficiency of extraction is not very great.
The content of reducing sugars in the system increases during 
browning which is somewhat surprising in the light of Maillard Reaction 
theory, since it would be expected that the amount present should drop 
as it reacts with protein. There is the possibility, however, that 
under toffee-making conditions, disaccharides and higher sugars are 
hydrolysed to simpler sugars with reducing properties. Thus sucrose, 
lactose, maltose (and higher dextrins in the glucose syrup) may hydrolyse 
to produce monosaccharides as shown below.
OHOH HO OH
Sucrose Glucose Fructose
HD
OH OH
OH
OH OH
OH
OHHO
OH
OK
+
OH
Lactose Glucose Galactose
CHJDH ch2oh
0 OH
CH^OH 
0. OH
Maltose Glucose
Sucrose, the only non-reducing disaccharide present, is also 
the most easily hydrolysed sugar (Moelwyn-Hughes 1929)* If hydrolysis 
occurred in the toffee-making process an increase in reducing sugar 
content would he expected (counterbalanced perhaps by a decrease due to 
the Maillard reaction) and the appearance of fructose would be predicted* 
Similarly, for lactose, the concentration of galactose would be expected 
to increase (unless it was consumed in the course of reaction). The 
hydrolysis of maltose, however, could not be verified by the identif­
ication of individual' sugars in toffee since only glucose would be 
produced, a sugar which is already present in the system.
Individual Sugars
The physical nature of both premix and toffee samples precluded 
the possibility of derivatising samples directly and all analyses 
were carried out on crystalline sugar extracts.
Trimethylsilyl (TMS) ethers of sugars are stable derivatives 
which are sufficiently volatile to he analysed by gas chromatography# 
They can be prepared under various conditions by the use of a variety
The reagent chosen for the work described here was hexamethyldi- 
silazane, catalysed by trifluoracetic acid, which silylates sugars in 
the following wayj-
It can be seen that TMS derivatives of reducing sugars will exist 
in anomeric forms in a similar manner to the free sugars, so that TMS 
derivatives of reducing sugars produce 2 peaks on analysis by gas 
chromatography (see fig. U )• Chromatograms of premix and toffee 
sugar extracts were somewhat complex owing to the presence of these 
anomeric forms, especially in the region where TMS derivatives of • 
sucrose, lactose and maltose were eluted. Under the conditions used 
a-lactose and sucrose and a- and (3-maltose were incompletely resolved. 
The a-lactose peak was completely masked by sucrose, hence lactose 
was determined as the (3-anomer only but values were related to total 
lactose. The problem was aggravated by the large difference in amounts 
of sucrose and lactose present in samples and the necessity to increase
of reagents, all of which release the trimethylsilyl group Me^Si- •
Me0Si-NH «-SiMe0 •— > Me0Si + H-NH-SiMe Me^Si+
Hexamethyldisilazane
Me^Si
+
CH20H 
A 'Q .OH 
OH . / Me^SiO
CH20SiMe3 
A 0 v OSiMe^
OH OSiMe^
J3 -Glucose Trimethylsilyl derivative
detector sensitivity immediately after elution of the TMS sucrose peak. 
Smith (1972) compared the resolution of TMS derivatives of sucrose,
maltose and lactose on a series of columns containing different
\
packings and found that the best separation was obtained on a column 
packed with 0.2$ OV-17 on Coming glass beads(100-120 mesh). Initially, 
some work was done on preparing a similar column to be used for premix 
and toffee sugar analysis but the practical difficulties involved made 
it more convenient to use a more conventional column packing.
The results of individual sugar analysis of premix and toffee are 
shown in Table 2.6 . The concentration of glucose present remained the 
same after caramelisation indicating, at first sight, that no reaction 
has taken place between glucose and casein. The amount of sucrose 
present, however, drops by 8.6$ after caramelisation, indicating an 
absolute weight loss of approximately l8g. Since sucrose is a non­
reducing sugar it cannot itself take any part in a Maillard-type 
reaction with the protein present. The sucrose concentration could, 
however, be diminished either by thermal degradation or by hydrolysis 
to glucose and fructose (inversion). Fructose was detected in toffee 
sugar extracts (0<>4$) but not in premix sugar extracts indicating that 
hydrolysis of sucrose has taken place. It is not possible, however, to 
calculate the extent of such hydrolysis from the increase in fructose 
concentration since fructose itself, being a reducing sugar, can react 
with protein in a Maillard-type reaction. Spark (19^9) has shown that 
fructose is more labile than glucose, sucrose or maltose in reacting 
with glycine in model systems, and it is probable that fructose reacts 
more quickly than any other sugar in the toffee system (except galactose, 
if present. Spark 19^9)* Table 2.8 shows the results of a simple experi­
ment to determine the extent of sucrose Inversion in a system similar to
that of toffee. The recipe for the blank toffee made is shown on
4-1
page Al and it should be noted that both confectioners glucose and 
casein were omitted from the mixture and were replaced by sorbitol and 
flour respectively. It was necessary to omit casein from the system 
in order to prevent browning reactions taking place which would have 
resulted in the loss of reducing sugars. Under these circumstances it 
would not have been possible to measure the extent of sucrose inversion. 
Confectioners glucose was omitted since the large amount normally added 
(27$ of total weight) might have interfered with the measurement of 
small changes in reducing sugar content. Reducing sugar determinations 
on the premix (Table2,8)showed a value of 3*9$ of total premix weight 
(uncorrected for ash), calculated as lactose, and since 22g lactose 
was included in the recipe (corresponding to 4.0$ wt/wt) it can be 
assumed that no other reducing sugars were present at that stage*
After boiling the reducing sugar content increased to 5*5$> indicating 
an increase of 1.4$, calculated as lactose (corrected for ash). Since 
the sugars- formed by inversion (glucose and fructose) have different 
molecular weights from lactose the above figure must be multiplied by 
a correction factor to enable it to be expressed as percentage glucose 
and fructose. The calculated percentage increase of reducing sugars 
(as glucose and fructose) is then 1.0$ of the total premix weight (550g)« 
The amount of sucrose hydrolysed is therefore 2*7$. It may be concluded, 
then, that glucose is involved in a Maillard reaction but, due to sucrose 
inversion, the amount present does not change. The fructose produced is 
also used up in a similar reaction with the protein.
The thermal degradation of sucrose has generally been studied at 
temperatures above 150°C, often in the presence of acid or base. Trebin 
et al (1968) studied the decomposition of a 65$ sucrose solution heated
at pH 7.03> at a constant temperature of 100°C. They found that, 
after 4 hours, 1.4$ w/w decomposition of the sucrose had taken place. 
Conditions in the toffee-making process are quite similar to the model 
system, except that sucrose accounts for 37$ of the total weight, and 
the final pH of toffee is 6.4. Trebin et al found that more dilute 
sucrose solutions decomposed more readily, as did solutions with higher 
acidity. It is possible, then, that some thermal degradation of sucrose 
does take place during caramelisation, but it is difficult to gauge 
the extent of decomposition.
The amount, of lactose present drops only slightly during caramel­
isation indicating the relatively minor role that this sugar plays in 
the formation of browning products. If hydrolysis of lactose occurred 
at all only a very small amount of galactose would have been produced 
and, since it is the most labile sugar in browning (as described earlier) 
it is likely that only trace amounts would be left in toffee.
The maltose concentration drops markedly after caramelisation.
It is likely that this decrease is a result both of the Halliard Reaction 
and of hydrolysis to glucose. It is not possible, however, to conclude 
which effect is more important since the hydrolysis products of maltose 
would simply replace the glucose consumed in the browning process.
“Others”( Table 2.7)were calculated by summation of all other 
sugars and subtraction from the percentage sugars extracted from premix 
and toffee (Table 2.6).They represent maltotriose, maltotetrose and all 
the higher oligosaccharides which are present in confectioners glucose. 
The saccharides above maltose constitute 54$ of confectioners glucose 
by weight (Corson 1957) hut are likely to be of relatively minor import­
ance. The rate of reaction of oligosaccharides with casein is probably 
slower than for mono- and disaccharides due to steric factors. The 
reactive sites on casein (free amino groups) are likely to be hindered,
due to the conformation of the protein, and under these circumstances 
reaction with smaller reducing sugar molecules will be less hindered
Pokomyet al (1973b) studied the rates of aldehyde-casein reactions
\
and concluded that the reaction rate dropped with increasing aldehyde 
chain length because larger molecules could penetrate the tertiary 
protein structure less easily than small ones# The amount of oligo­
saccharides is seen to increase after caramelisation (Table 2,7) "but, 
in practice, this is unlikely to happen. It is probable that the 
discrepancy is due to a difference in the efficiency of extraction of 
sugars between premix and toffee samples (see earlier).
A comparison may be made between the results for reducing sugar 
content as determined by the Luff-Schoorl method and by gas chromat­
ography (see Table 2.18).
Table 2.18
Reducing Sugars as determined by Luff-Schoorl and GLC Methods
1Luff-Schoorl Method GLC Method2
Premix ($) Toffee ($) Premix ($) Toffee ($)
Mono- and di­
saccharides only . . — 10.9 10.2
Total reducing 
Sugars 9.6 9*9 22.0 23.3
1) Results taken from Table 2.5
2) Results taken from Table 2.7
 ^ It is not possible to compare the results from each method directly 
since in the Luff-Schoorl determination results are calculated as 
percentage dextrose whilst in the GLC determination results are calculated
as individual sugars. If, for example, using the Luff-Schoorl method 
the reducing sugar content was calculated as lactose, the values for 
premix and toffee would be 1^ .*/$ and 1^.9$ respectively. If calculated 
as maltotriose, reducing sugar content would be 2^.2$ and 2^.9$.
It is possible, however, to compare relative changes in reducing 
sugar content. The Luff-Schoorl method shows that reducing sugars 
increase by 3^ during caramelisation, whilst, by GLC, reducing sugars 
decrease by 6$ when the oligosaccharides are ignored, and increase 
by 6$ when they are included. Since the efficiency of extraction of 
oligosaccharides is probably variable, the former GLC reducing sugar 
result is probably more accurate. The slight discrepancy in results 
obtained by the two methods lies within experimental error, Brobst and 
Lott (1966) having determined the error in the analysis of maltose as 
being
The analysis of confectioners glucose oligosaccharides has been 
carried out by Beadle (1969). By using short, lightly loaded columns 
and high column oven temperatures, it was possible to determine the 
oligosaccharides up to and including maltoheptose, as their TMS ethers. 
Similar determinations were not, however, carried out on premix and 
toffee sugar extracts since it was unlikely that the information so 
produced would be of any value.
K.jeldhal Nitrogen . 1 '
Results,Table 2.9>indicate that there is no appreciable loss of 
nitrogenous volatiles during caramelisation* It is not possible to 
conclude that there has been no change in the protein from these values 
since the method only determines total nitrogen and not the distribution 
of nitrogen in the system. It should be noted that other proteins
apart from casein are present in milk, in particularj^etaroffinT^^ 
which constitutes about 10$ of total milk protein (Cox 1950)•
Free Amino Acids
The absence of free amino acids in premix and toffee has been 
confirmed in a more rigorous experiment performed by Glover (1973)*
Samples were homogenised with dilute sodium hydroxide solution and 
centrifuged at 0°C. The aqueous phase was acidified and run on to 
an ion exchange column of Amberlite IR 120 (H). Free amino acids 
were eluted with ammonia solution, concentrated and analysed on a 
Tecnnicon amino acid analyser. By this method threonine, serine, 
glutamic acid and arginine were found to be present, but in concen­
trations too low to be determined. Free amino acids are therefore 
unimportant in the development of toffee flavour, unlike, for example, 
chocolate crumb, which contains free amino acids capable of entering 
into Maillard type reactions during the processing of chocolate 
(Saxby and King 1975)*
Bound Amino Acids (Protein and Peptides)
The amino acid contents of proteins in premix and toffee samples 
are shown in Table 2.10.Large percentage drops occur in some amino 
acid concentrations, notably aspartic and glutamic acids, valine, 
leucine and isoleucine. The extent of hydrolysis of premix and toffee 
samples differed (85$ and 63$ respectively), as did the extent of 
destruction of amino acids, indicated by the ammonia present (0,02 and 
0.08 mg/g for premix and toffee respectively). Kaiser et al (197*0 
mentioned the difficulties associated with the hydrolysis.of proteins and 
observed that threonine, serine and tyrosine are partially destroyed 
and that valine, leucine and isoleucine are only partially liberated . 
by hydrolysis. It is therefore difficult to compare values for 
individual amino acids, either as listed,Table 2.10,or by applying a 
correction factor for the difference in hydrolysis ,.as shown in Table 2.19 •
Table 2.19
Amino Acid Premix (mg/g) Toffee (mg/g) $ change
Aspartic Acid 0.17 0.14 - 17
Glutamic Acid 1.62 1.52 - 6
Alanine 0.32 0.34 + 6
Isoleucine 0.82 O.78 - 5
Leucine 1.9** 1.85 - 5
Ammonia 0.02 0.11 -
Lysine 2.15 2.55 + 20
Histidine 0.39 0.62 + 60
Arginine 0.31 0.45 + 50
Percentage
855s 85$hydrolysis
The latter table affords a better comparison of values for most 
amino acids, but the values for ammonia and lysine, histidine and 
arginine show large increases for toffee, indicating that partial 
liberation by hydrolysis of some amino acids is accompanied by partial 
decomposition of others. The predicted drop in the diamino acids 
lysine and arginine is therefore not seen and it is not valid to explain 
the drops in certain other amino acids in terms of the Strecker degrad­
ation mechanism (ie alanine to acetaldehyde, phenylalanine to phenyl- 
acetaldehyde, valine to isobutyraldehyde, leucine to isovaleraldehyde 
and isoleucine to 2-methylbutanal)•
Since it is known that the hydrolysis of proteins in the presence 
of sugars can lead to erratic results (Dawson et al 1969)attempts were 
made to remove non-proteinaceous material as described in Experimental..
This approach met with little success as the protein was removed along 
with the interfering materials. It is possible that the protein is 
hound to the fat or sugars present (or both), in which case clean-up 
prior to hydrolysis would be impossible.
Free Amino Group Determinations
The Carpenter method (see page 42) relies on the following reaction 
scheme s-
i) Formation of e-DNP derivative
NO,
"Bound1 lysine l-fluoro-2,4-dinitrobenzene "Bound" e-DNP lysine
ii) Hydrolysis to form free e-DNP lysine* followed by removal of 
interfering compounds^
Free lysine is not determined since the as -di-DNP-lysine formed 
is ether-soluble and is removed in the clean-up procedure.
The results of determinations on premix and toffee samples are 
shown in Table 2.11.It is possible to calculate the theoretical amount 
of lysine present, from literature values for the composition of casein 
and the values for casein found in premix and toffee (Table 2.9). Since 
"casein" is a complex mixture of a number of proteins of different 
structures which have been isolated in different ways, it is difficult
to find a consistent value for its lysine content.. Webb and
Cq dutu**AA>^ '' &i»vvuWV.C®. (
Johnson (l965^ -see JSpgata sheet) quote a value of 8.2'g of lysine 
por lOOg casein, and since casein is a mixture of various fractions 
with differing lysine contents, this figure must represent an 
average value.
No free amino groups were found in premix, indicating that a 
reaction had already probably taken place. Lea and Hannan (1950) found 
that a reaction occurred between casein and glucose in model systems 
at different water contents. Concentrations of lysine, arginine, 
methionine, tyrosine and histidine decreased and after 30 days storage 
at room temperature, over 90$ of lysine side chains (ie free amino groups) 
had reacted with the glucose.
The absence of any free amino groups in premix suggests that such a 
complex is formed in the system. Since other reducing sugars are also 
present, notably lactose and maltose, it is possible that these form 
complexes with reactive sites in casein too. The reaction between bound 
lysine and glucose is shown below.
-NH-CH-COO- ° £ 0H
<k>* + ' /7°v
.. . . . .  . ®
o h ’
-NH-CH-COO- -NH-CH-COO-
(gh2)4 .
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HO \ _ O H
-h2o
N
OCH HO
OH OH
OH
Schiff's Ease
It is likely that the complex undergoes rearrangement since a 
proportion of the reducing sugar cannot he recovered by acid hydrolysis
of the complex (Lea and Hannan 1950)• In the light of current knowledge
\
it is probable that an Amadori rearrangement takes place and that the 
casein-reducing sugar complex is the initial stage of the Maillard 
Reaction (see Introduction)•
Results show that the bound lysine content of toffee is 0.18$.
Since no lysine was detected when toffee was analysed for free amino 
acids (see page 51 ) If Is probable that some lysine has been destroyed# 
It is not possible to determine whether any breakdown of casein occurs, 
however, since lysine would still be determined by the Carpenter method 
if bound in peptide residues#
It is also apparent from the toffee analysis that a proportion 
of free e-amino groups of lysine are unchanged after caramelisation, 
which suggests that the initial casein-reducing sugar reaction is 
reversible and that during the caramelisation process lysine s-amino 
groups are released. This is consistent with Maillard Reaction theory.
The Carpenter method for estimation of bound lysine has been care­
fully studied by Finot and Mauron (1972)• They found that it was poss­
ible to determine bound N-(l-deoxy-O-fructosyl)-lysine using the Carpenter 
method and that this would be a source of error in the determination 
of-free e-amino groups. The Carpenter method determined - 28$ of the 
lysine-glucose Amadori compound and 10 - 17$ of the lysine-lactose 
Amadori compound. The results of Finot and Mauron indicate that there 
was probably an error in the determination for premix since even if all 
the e-amino groups were complexed with reducing sugar a positive value 
should have been obtained for the lysine content.
The results of the casein-glucose model system (see page 53 ) 
support the theory of Lea and Hannan (1950) since the lysine determined
-75-
represented only 3*2% of total casein, compared to a literature value of 8*2% 
(as described earlier)* The small drop.'in total lysine and the surprisingly 
high value for after caramelisation indicate the need for further investi
gstion*
Fat Determinations
The results for the fat content of premix and toffee (Table 2.12) 
indicate that fats take no part in the caramelisation process on a 
macroscopic scale.
The free fatty acid content decreased a,fter caramelisation (Table 2*
13) indicating that there is possibly some reaction between free acids 
and the system or that lower acids have evaporated* Experiments to 
determine the role of free acids in toffee flavour formation are 
described in Chapter IV* *
The Determination of Basic Constituents
Standard deviations calculated for ash, moisture and reducing 
sugar determinations show that the variation in premix replicate analyses 
is greater than that for toffee. Since all samples were stored for a 
considerable period of time before analysis it is likely that, even 
in deep freeze, some ingredients of the premix settled out* Before 
each analysis approximately 300g o f premix was removed from storage,
,and,.hpmp^ genised .with, a Silverson mixer. Samples of appropriate 
weight were then taken from the homogenised mixture for analysis.
Premix results indicate, however, the difficulty in obtaining represent­
ative samples from the mixture and the relatively large experimental 
error involved in such analysis. The standard deviations calculated 
for toffee are much lower, indicating the relative ease of obtaining 
representative sa.mples from the whole, a result which is not wholly 
surprising since toffee does not settle on storage.
SUMMARY OF RESULTS AND CONCLUSIONS
1) There is little overall change in total sugars, total nitrogen or 
fats during caramelisation.
2) The reducing sugar content of the system increases because of the 
inversion of sucrose during ‘caramelisation.
3) There is a decrease in the following reducing sugars during caramel­
isation: fructose, glucose, maltose and lactose.
k) There is possibly some thermal degradation of sucrose.
5)VLysine is destroyed during caramelisation.
6) Reducing sugars form a complex with the free amino groups of casein 
during storage of the uncooked toffee mixture.
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SUMMARY
The Maillard reaction between reducing sugars and free airdno 
groups (amino acids or protein) produces a large number of inter­
mediate compounds. These include the Strecker aldehydes - isobutyr- 
aldehyde, 2-methylbutanal, isovaleraldehyde, phenylacetaldehyde and 
methional - 5-hydroxymethylfurfural (HMF) and a number of substituted 
pyrazines. All the compounds mentioned here have flavour potential 
in their own right and, in addition, the aldehydes may undergo further 
reaction with free amino groups to produce other compounds which exert 
a positive influence on flavour. Toffee has been made incorporating 
some of these intermediate compounds at the premix stage and the effect 
on flavour has been monitored using a carefully selected taste panel. 
Limited studies have been made on casein-aldehyde model systems and 
any losses due to this reaction have been measured. Toffee has been 
analysed for pyrazines using vacuum steam distillation as an isolation 
technique, followed by high resolution GC-MS for detection and 
quantitation.
EXPERIMENTAL
Taste Tests
Two screening tests were carried out in order to select the most 
sensitive tasters for the toffee samples to be evaluated. In each test 
two pairs of samples were used, one of which contained identical 
samples and the other of which contained different samples. All poss­
ible combinations of pairs were used.
ie TT & TC CC & CT
TT & CT CC & TC
TC & TT CT & CC
CT & TT TC & CC
where in the first test T was HPKO toffee (bland)
C was commercial toffee
and in the second test T was butter toffee
C was commercial toffee
Samples for test 1 were selected such that their flavours were
obviously different. For test 2 samples were selected with flavours
which were quite similar. Tasters were asked to say if they could
discern any difference between each of the two pairs and only people
with 75$ or 100$ correct answers were used on the taste panel (2^
people). This will be referred to as the "general” taste panel. In
addition a "special" taste panel was set up which comprised the 12
people who gave the most consistent answers over the first 8 general
taste tests. The general and special taste tests were conducted in
different ways.
General Taste Tests
Two controls were used - HPKO toffee (containing no butter,
labelled C) and commercial toffee labelled S. The panel was asked to
rate test samples for toffee flavour on a scale marked 0 to 10*
Control C was marked on the scale as "1" and control S as "9n* Hence 
higher ratings imply stronger toffee flavour. The taste test form, 
instructing panel members what to do, is reproduced helow.
Toffee Taste Tests
Name ....      Date............. .
Please indicate, on the scale helow, your opinion as to the natural 
toffee flavour intensity of the sample X in comparison with the 2 
standards, C and S, which for the purpose of this experiment are 
scored 1 and 9 respectively.
Very 
weak
Special Taste Tests
Two sets of standards were used for the special panel, depending 
upon the samples to he evaluated. The first set of standards consisted 
of a normal HPKO toffee, an HPKO toffee hlank and a Hburnt sugar toffee*1 
made by slowly heating sucrose until it caramelised. The second set of 
standards consisted of a normal fresh butter toffee, a fresh butter 
toffee blank and a "burnt sugar toffee"• For taste tests the relevant 
set of standards was given to the special panel along with definitions
For sensory 
evaluation of 
HPKO toffees
of each flavour as followsi-
Standard 
Normal HPKO toffee 
HPKO toffee blank 
Burnt sugar toffee
Defined Flavour
HPKO toffee flavour 
No HPKO toffee flavour 
Burnt sugar flavour 
(irrelevant)
0 1 2 3 4 5 6 ?  8 9 10
C S
Very
strong
Standard Defined Flavour
Normal butter toffee Butter toffee flavour For sensory
r evaluation of 
butter toffees
Butter toffee blank No butter toffee flavour
Burnt sugar toffee Burnt sugar flavour
(irrelevant)
Test samples were submitted soon afterwards (within 1 hour) and 
tasters were asked to indicate whether the flavour of each test sample 
corresponded to one of the standards* Although the test called for 
simple yes/no answers, tasters often indicated that test samples had 
slight flavours and these results have been entered as well. The forms 
used for taste tests are reproduced below.
Toffee Taste Tests
The purpose of this series of tests is to determine whether or 
not certain mixtures, when heated together, produce toffee flavour. 
Standard reference samples have been made which correspond to 
Toffee flavour (Sample A)
No toffee flavour (Sample B)
Burnt sugar flavour (Sample C)
Although burnt sugar flavour may contribute to overall toffee flavour, 
for the purposes of this experiment it should be ignored when encountered 
in test samples.
Toffee Taste Tests
The purpose of this series of tests is to determine whether or not 
certain mixtures, when heated together, produce toffee flavour. Tasters 
should try to bear in mind the flavours of the standards and relate the 
flavours of test samples to these
Name •••••••••••••••••••.... •••• Date •••••••••••.
Sample No. Is toffee taste present? Comments
The results from each kind of taste test were subjected to 
statistical analysis. General taste test results were analysed by 
the t-Test (Davies 195?) which is used to examine the difference 
between a pair of mean values with regard to the standard deviation _ 
of each set of results. It is then possible to decide if a difference 
in the mean values is statistically significant or if it might be due 
to chance, arising from the overall distribution of the results.
Special taste test results were analysed in a different'way. The 
results from each special taste test were compared to the results 
obtained from evaluation of normal toffee samples (either HPKO or 
butter). The %VFest (Davies 1957) was then applied to assess whether 
the difference in the number of positive and negative answers was 
statistically significant in terms of the total number of people 
answering the question.
The results of all statistical analyses are expressed as probab­
ilities and the figure shown is a measure of the probability of the 
result arising by chance alone. A probability value of 0o05 or less 
is accepted as being significant (Davies 1957)9 1© the results obtained 
are different enough from each other not to have arisen by chance.
The following batches of toffee were made and submitted to the
special taste panel for evaluation (see page 36 tor recipes).
HPKO toffee
HPKO sorbitol toffee
HPKO flour toffee
Strecker Aldehydes and Toffee Flavour
Normal batches of HPKO toffee have been made, and after the 
premixing stage (ie just before cooking commenced) each of the following 
compounds were added to separate batches of premix.
Isobutyraldehyde (25 pi)
Isovaleraldehyde (25 pi)
Phenylacetaldehyde ( 5 pi)
2-Methylbutanal ( 5  pi)
Methional (0.1 pi)
Isobutyraldehyde (b. pt. 64°C) and isovaleraldehyde (b. pt. 92°C) 
were re-distilled before being used.
2-methylbutanal was prepared by oxidation of 2-methylbutan-l-ol 
using potassium dichromate (4g) in 10$ sulphuric acid (20 ml) (Wild i960). 
The alcohol was maintained in excess while the oxidising agent was 
added to the reaction vessel dropwise. The aldehyde was removed by 
distillation.to prevent further oxidation to the corresponding acid.
The impure aldehyde (containing traces of unreacted alcohol, water and 
carboxylrc acid) was treated with 20$ sodium bisulphite solution (100 ml) 1° 
form the bisulphite addition complex. Interfering organic compounds 
were removed by ether extraction and the free aldehyde was regenerated 
with 30$ sodium bicarbonate solution (100 ml) as described by Blatt (1943)* 
The 2-methylbutanal was extracted into diethyl ether and, after drying, 
the solvent was removed in a rotary evaporator at 30°C. The aldehyde 
was distilled, the fraction distilling between 92 - 93° C being collected 
and used for making toffee as described above.
All samples thus made were submitted to the general taste panel for 
evaluation, along with a second "test" sample which was standard HPKO 
toffee (ie identical to control G)•
5-hydroxymethylfurfural (HHF) and Toffee Flavour
The method used for HMF determinations in premix and toffee is 
based on that of Dhar and Roy (1972), in which a column of activated 
charcoal is used to remove interfering chromogens (mainly sugars)•
HMF Determinations in Premix and Toffee
Samples (lg) of commercial premix or toffee were dissolved in hot 
water (10 ml) at 60°C and the solution was passed down a column of 
activated charcoal*(lg). The column was maintained at about 70°C by 
means of an external heating tape in order to prevent solidification 
of the sample. The sugars and HMF were absorbed by the charcoal 
whilst all other components were removed by washing. The sugars were 
removed with hot water (100 ml) and the HMF was subsequently eluted 
with aldehyde-free acetone (150 ml). The eluate was filtered through 
a Whatman 541 filter paper and the filtrate was left to evaporate 
to dryness in a fume cupboard at room temperature (rotary evaporation 
of the acetone caused some loss of HMF)• The subsequent residue was 
dissolved in water, made up to 100 ml, and the absorbance was measured 
at the absorption maximum of HMF of 283 nm on a Pye Unicam SP800 UV 
spectrophotometer. By means of standard solutions of HMF a calibration 
curve of absorbance against concentration was plotted and used to cal­
culate the HMF content of samples.
* A number of different brands of activated charcoal were tested for 
efficiency and 1Judex* acid washed activated charcoal (Fisons Ltdc) 
was selected as being the best.
Recovery Experiments
i) In Toffee
Samples of commercial toffee (about lg) were spiked with HMF 
(100 j ig , 30 Jig* and 10 j ig ) corresponding to concentrations of 100 ppm, 
30 ppm and 10 ppm respectively. HMF determinations were then carried 
out as described earlier.
ii) In Water
HMF (50 jig) was dissolved in water (10 ml) and HMF determinations 
were made on this solution using the full method described earlier for
premix and toffee.
Profile of HMF Concentrations during the Caramelisation Process
A normal HPKO toffee was made (see page 3& ) and samples (about 5g) 
were withdrawn at regular intervals during caramelisation.
Table 3,1
Sample Ho.
A
Time (minutes) Temp, of mixture (°C)
1 0 70
2 2 68
3 5 76
4 8 85
5 11 95
6 14 105
7 17 110
8 20 112
9 23 115
10 26 120
l) t = 0 corresponds to a sample from the premix. 
t « 26 corresponds to a sample from the toffee.
Samples were stored in a deep freeze at -30°C until needed. HMF 
determinations were carried out on all samples using the method described 
earlier.
HMF Determinations on Confectioners Glucose
i) Uncooked
Samples of 42 D.B. confectioners glucose (lOg) were dissolved in 
water (50 ml) and analysed for HMF,
ii) Cooked
42 D.E. confectioners glucose was heated at 120°C for 30 minutes 
and HMF determinations were carried out,.
Toffee made with HMF
i) In the Presence of Confectioners Glucose
A normal hatch of HPKO toffee was made (see page 36 for recipe) 
and HMF (0.125g), corresponding to 250 ppm, was added after the premix 
stage. The toffee thus made was submitted to the general taste panel 
for evaluation and HMF determinations were carried out. Colour measure­
ments were also made on spiked and normal samples of HPKO toffee, using 
a Lovibond-Schofield Type 1A Tintometer. The blue colour filter was set 
at 0 for all measurements and illuminant B was used as a reference 
standard.
ii) In the Absence of Confectioners Glucose
Two batches of HPKO sorbitol toffee were made (see page 36 for 
recipe) and HMF (0.125g)* corresponding to 250 ppm, was added to one 
after the'premix stage. Both batches were then cooked normally and 
colour measurements and HMF determinations were carried out as described 
earlier. Samples were not submitted to the taste panel owing to the 
lack of toffee flavour but both batches were tasted by a number of 
people who are experienced toffee tasters.
iii) In the Absence of Gasein
Two batches of HPKO flour toffee were made (see page 36 for
recipe) and HMF (0.125g), corresponding to 250 ppm, was added to one
after the premix stage. Both batches were then cooked normally and colour
measurements and HMF determinations were carried out.
HMF-Casein Model Systems
The reaction between HMF and casein has been studied under 2 sets of • 
conditions.
i) In Solution
Solutions of Hammarsten casein (O.lg in 25 ml water) and HMF 
(0.87 mg in 5 water) were mixed and sealed in a boiling tube which 
was then heated at 120° C for 3 hours. The tube was cooled, broken open, 
and the contents were filtered. HMF determinations were carried out on 
the solution by the method described earlier. A blank determination 
was also carried out in which casein was omitted from the solution.
ii) In the Dry State
Solutions of Hammarsten casein (lg in 100 ml water) and HMF (0*5g 
in 30 ml water) were mixed and freeze-dried to a fluffy powder which 
was then heated for 3 hours at 120°C. HMF determinations were carried 
out on duplicate 100 mg samples of the mixture. The remaining mixture 
was split into 2 halves and treated in the following wayi-
Half of the mixture was extracted with 3 portions of hexane which 
were then bulked, washed with water and dried over anhydrous sodium 
sulphate. The solvent was evaporated to small volume on a Kudema- 
Danish apparatus and 1 jil aliquots were injected on to a Gas Chromatograph 
Varian Series 1?00 fitted with a stainless steel column (6* x ■$■*') con­
taining 15$ Carbowax 20M on Chromosorb Ho
The other half of the mixture was dissolved in water (100 ml) and 
extracted with diethyl ether for 3 hours in a Likens-Nickerson apparatus, 
(Likens and Nickerson 1964). The ether was dried over anhydrous sodium 
sulphate and concentrated to small volume using -a Kuderna-Danish apparatus. 
1 jil volumes of each extract were injected on to a Gas Chromatograph 
Varian Series 1700 incorporating the Carbowax column.
Collection of Volatiles from a Heated Casein-HMF System
i) In Solution
Solutions of Hammarsten casein (5g in 200 ml water) and HMF (2g in 
50 ml water) were mixed and heated at 85°C for 3 hours.
The method of trapping volatiles was similar to that used by 
Scanlan et al (1973)* Volatiles produced in the reaction were trapped
on a short column of Porapak Q (previously conditioned at 150°C for 48
\
hours)• After collection the Porapak column was heated at 50°C under 
a flow of oxygen-free nitrogen to remove any water collected during 
the reaction. The gas flow was then reversed and the column heated 
to 150°C to elute trapped volatiles which were collected in a stainless 
steel trap immersed in liquid nitrogen,
ii) In the Dry State
Solutions of Hammarsten casein (5g in 200 ml water) and HMF (2g 
in 50 ml water) were mixed and freeze-dried to a fluffy powder. The 
dry mixture was heated at 115°C for 3 hours and volatiles were collected 
as described above.
Volatiles from both experiments were injected on to a Gas Chromat­
ograph f/arian Series 1700)fitted with a stainless steel column (6* x 
■§•”) containing 15$ Carbowax 20M on Chromosorb W. The column oven temp­
erature was programmed from 100 - 200°C at the rate of 10°C/min and held 
at the top temperature until all components of the mixture were eluted.
Gas chromatography-mass spectrometry (GC-MS) was carried out on 
the volatiles from experiment (ii) on a Perkin-Elmer F-li Gas Chromat­
ograph fitted with a support coated open tubular (SCOT) column containing 
D0GS linked to a Hitachi-Perkin-Elmer RMU-7L mass spectrometer, low 
resolution mass spectra were taken of all major peaks produced by the 
volatiles mixture. The gas chromatograph was operated under the 
following conditions*-
Column oven temperature 100 - 180 at 8°C/min
Amplifier sensitivity Range 1 Attenuation 32
Carrier gas Helium at 12 ml/min
Sulphur Dioxide Determinations
Sulphur dioxide determinations were made on samples of commercial 
premix and toffee hy the Monier-Williams (192?) method.
Pyrazines in Toffee
i) By Low Resolution GC-MS
Butter toffee (lOOg) was vacuum steam distilled at 115°C for 1 
hour. Full details of the vacuum steam distillation technique are 
given on page 146. The distillate was collected in dilute hydrochloric 
acid (pH l) which was subsequently extracted with four portions of 
diethyl ether (10 ml) to remove all non-basic material. Sodium 
hydroxide solution (0.1M) was added until the solution was alkaline 
(pH 9) and basic material was extracted into diethyl ether. The ether 
layers were combined, dried over anhydrous sodium sulphate and evapor­
ated to small volume on a Kuderna-Danish apparatus. Injections (i i^l) 
were made into the GC-MS system incorporating a stainless steel column 
(9* x q") packed with 10$ DEGA on Chromosorb W. The column oven was 
programmed from 50 ~ 200°G at 10°/min, and low resolution mass spectra 
were taken of all major peaks in the chromatogram of the extract.
ii) By High Resolution GG-MS
Standard solutions of the pyrazines chosen as likely Maillard 
reaction intermediates (see table 3*2) were injected into the GG-MS 
system. Characteristic ions from each standard were monitored by the 
mass spectrometer set at a resolution of 10,000 with a 20$ valley.
The heights of the peaks obtained, at the correct retention times, on 
a chart recorder linked to the output of the mass spectrometer, were 
measured. Peaks obtained from premix and toffee extracts (prepared 
as described above) were related to these and total amounts of each 
pyrazine in the extract could thus be calculated. All extracts and
standards were analysed on a stainless steel (9* x g") column packed 
with 10$ DEGA on Chromosorb W (AW-DMCS). Pyrazines investigated, 
and column oven temperatures used are shown in table 3,2.
Table 3.2
Pyrazine Oven Temp. (°C) Retention time (mins)
Monitored ion 
m/e
Unsubstituted 90 7.0 80.0374
2-methyl- 100 6.0 94.0530
*Dimethyl- and ethyl- 120 5.6 108.0686
Tetramethyl- ...... ... 150...... 4.6 136.0998
* 2,3-dimethyl-, 2,5-iimethyl-, 2,6-dimethyl- and ethylpyrazines all 
give an ion of identical mass to charge ratio (108.0686) and cannot be 
separated by gas chromatography since their respective retention times 
are too similar. Hence the value obtained for this analysis comprises 
total dimethyl- and ethylpyrazines.
RESULTS
Taste Tests
The results of special panel taste tests on basic toffee mixes 
are sho>m below*
Table 3.3
Sample
HPKO Toffee Flavour
P#-
Yes1 No1 Slight1
Toffee 9 - 2 -
Sorbitol blank 1 6 4 0*006
Flour blank . . - 10 1 0.002
i) Number of tasters giving this answer*
*■ Probability of this result arising by chance (P ^  0*05 is statis­
tically significant)•
Strecker Aldehydes and Toffee Flavour ^
The results of general panel taste,tests on toffees made with ■
Strecker aldehydes are shown below*
Iso butyraldehyde
No. of 
tasters
7 
6 
5 
4 
3
2
1
0
HPKO Toffee Control
Mean Score =2*0
8 10 Score
No. of 
tasters
5
4 
3
2
1
0
Isobutyraldehyde Toffee
Mean Score = 5*0
0 2 3 ~4 5 6 7 8 9 10 Score
There is a significant difference between these results (P - 0.05)
Isovaleraldehyde
No. of 
tasters
8
7
6
5
4
3 
2 
1 
0
No. of 
tasters
.6
5
4
3
2
1
0
HPKO Toffee Control
2 3 "5 5 o 7
Isovaleraldehyde Toffee
0 1 2  3 4
P = 0.05 statistically significant
Mean Score = 2.6
8 9 10 Score
Mean Score *= 5*2
8 9 10 Score
Phenylacetaldehyde
No. of 
tasters
5
b
3
2
1
0
No. of 
tasters
5
k
3
2
1
0
HPKO Toffee Control
2 3  k  5 6 ~~T
Phenylacetaldehyde Toffee
0 1 2 3 *
P >0.1 No significant difference 
2-Hethylbutanal
No. of 
tasters
8
7
6
• 5 
4
3
2
1
0
HPKO Toffee Control
Mean Score =2.8
9 10 Score
Mean Score = ^*7
9 10 Score
Mean Score = 3*2
~E 9 10 Score
No. of 
tasters
5 
4 
3
2
1
0
2-Methylbutanal Toffee
0
P >  0.1 No significant difference. 
Methional
No. of 
tasters
7
6
5 
4
3 
2 
1 
0
No. of 
tasters
6
■5
4
3
2
1
0
0
HPKO Toffee Control
5 • 6
Methional Toffee
4
Mean Score =4.7
9 10 Score
Mean Score =2.7
8 9 10 Score
Mean Score = 3*3
B 9 10 Score
P :> 0.1 No significant difference
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HMF and Toffee Flavour
HMF Determinations in Premix and Toffee
Table 3,4
Absorbance^ ^ HMF in sample (parts per million)
Premix 
.....  Toffee .
0.05 
. 0.03
2.0
........ 1.2..........
1) In water (5 ml)
2) Average of duplicate determinations 
Recovery Experiments
i) In Toffee
Table 3.5
Level of spiking 
(ppm) Absorbance
1,2 $ Recovery
100
30
10
0.26
0.08
0.0-3
10*f
108
120
1) In water (50 ml)
2) Average of duplicate determinations
ii) In Water
An average 98$' recovery was recorded for duplicate determinations 
of HMF in water.
Profile of HMF Concentrations during the Caramelisation Process
Table 3.6
Sample No* Absorbance HMF Concentration (ppm)
1 0.03 1.2
2 0.0^ 1.6
3 0,07 2.8
Ur 0.08 3.2
5 0.08 3.2
6 0.10 ^.0
*
7 0.0^ 1.6
8 0.0^ 1.6
9 0.0^ 1.6
... .... 10 . 0.03 . 1.2
1) In water (5 ml)
2) Average of duplicate determinations
* Point at which noticeable brown colour began to develop. 
HMF Determinations on Confectioners Glucose
Table 3*7
Sample Absorbance^’^ HMF Concentration (ppm)
i) Uncooked 
. ii) Cooked ...
0.23
....  0.35
. 8
.........................1k  . . .
1) In water (50 ml)
2) Average of duplicate determinations
t __________________I____________________  I_____________________L
•vt CO CM —
(uudd) uoj)DJ]uaouoD
Toffee made with HMF
i) In the Presence of Confectioners Glucose
HMF Determinations
Table 3.8
... Wt of Added HMF (mg)1 ¥t of Detected HMF (mg) $ Drop in HMF
0.24 0.12 50
0.26 0.11 56
l) Duplicate determinations were carried out.
Taste Tests
The results of taste tests carried out by the general panel are 
shown below.
No. of 
tasters
8
7
6
5
4
3
2
1
0
HPKO Toffee Control
Mean Score =2.3
2 3 4 5 "Z 7 8 9 10 Score
No* of 
tasters HMF Toffee
Mean Score ~ 4.3
0 1 2  3 4 5 6 7 8 9 10 Score
There is no statistically significant difference between samples (P » 0*1) 
Colour Measurements 
See Table 3*13> Sample 2.
Values obtained on the Tintometer for Red, Yellow and Shade were 
converted to more general units (visual density, brightness, saturation 
and dominant hue wavelength) using the charts and instruction book sup-, 
plied by Lovibond (Salisbury, England),
ii) In the Absence of Confectioners Glucose 
HMF Determinations
Table 3.9
Wt of added HMF (x 10^g)^ Wt of detected HMF (x 10%;) $ drop in HMF
4*75 0.^5 90
4.05 0.40 90
l) Duplicate determinations were carried out.
Taste Tests
True.toffee flavour was absent in both unspiked and spiked 
batches of sorbitol toffee blank. There was, however, an indefinable 
(but pleasant) flavour associated with the spiked batch but description 
was complicated by the overriding sweetness of the sample.
Colour Measurements 
See Table 3*13 , Sample *J>.
iii) In the Absence of Casein 
HHP Determinations
Table 3.10
. . Wt of added - HMF (mg) \ Wt of detected HMF. (mg) fo drop in HMF
0*5 0.28 *14
0.5 0.25 50
l) Duplicate determinations were carried out.
Colour Measurements
See Table 3*13> Sample 6.
HMF-casein Model Systems 
i) In Solution 
HMF Determinations
Table 3,11
Sample Wt of HMF added (mg) Wt of HMF detected (mg) $ drop in HMF
HMF-casein 0.87 0.66 Zk
HMF blank 0.87 0.85 2
ii) In the Dry .State 
.HMF Determinations
Table 3.12
Sample Wt of HMF added (mg) Wt of HMF detected (mg) $ drop in HMF
■ HMF-casein 1.2 0.68 43
In experiment (i) some casein precipitated out of solution during 
the course of heating. The solution and precipitate were pale brown 
at the end of the experiment.
The mixture in experiment (ii) browned considerably during the 
course of heating.
Hexane Extract of Browned HMF-casein ,
A chromatogram of the hexane extract from a browned HMF-casein 
mixture showed no peaks, indicating the absence of volatile components 
in the mixture.
Likens-Nickerson Extract of Browned HMF-casein
No peaks were apparent in a chromatogram of this extract, again 
indicating the absence of volatiles in the mixture.
Collection of Volatiles from a Heated HMF-casein Mixture
i) In Solution
The experiment was complicated by the collection of relatively 
large amounts of water on the Porapak column which could not be com­
pletely eluted at 50°C. No peaks were apparent in a chromatogram of 
of this extract, indicating a lack of volatiles collected from the 
heated mixture.
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ii) In the Dry State
Low resolution mass spectrometry produced the following information 
(see fig# 9 for GLG trace) s- 
Identlfied Compounds
Table 3.1^
Peak No. Identification Ions in spectrum (m/e) Relative abundances in brackets.
1
9,10
Extract
Methylfurfural
Extract
5-hydro xymet hylfurfural
27(36) 53(7i) 109(86) iio *(io o )  
27(33) 53(70) 109(80) 110* ( 100)
69(H )  97( 100) 109( 10) 126* ( 58) 
69(37) 97( 100) 109(20) 126*(56)
* Molecular ion
Tentatively Identified Compounds
Table 3.15
Peak No. TentativeIdentification
Ions in spectrum (m/e)
Relative abundances in brackets.
6 Ethylfurfural 95(23) 123(63) 12H(100)
8 Ethyl benzyl ether 65(20) 77(19) 79(26) 91(92)
92(100)107(29)
Literature values 65(15) 77(17) 79(33) 91(100) 
92(79) 107(17)
* Molecular ion
l) All literature values were taken from Cornu and Massot (19&6)
Fig.9 Chromatogram of volatiles collected from heated HMF-  
casein mixture.
Unidentified Compounds
Table 3.16
Peak No. Ions in spectrum (m/e)total ion current in brackets
2 29(12) 127(12) 128(64) 129(12)
4 40(13) 43(22) 91(24) 108(33)
5 105(17) 133(52) 13^(6) 148(19) 149(6)
7 79(16) 93(7) 109(15) 126(62) .......................
Peak 3 gave a very weak mass spectrum and it was not possible to 
calculate percentage total ion current for Individual ions.
Sulphur Dioxide Determinations
Table 3.17
Sample Level of sulphur dioxide detected ...
Premix 
Toffee .
4 ppm
Less than 1 ppm
Pyrazines in Toffee
i) Low Resolution GC-MS
The chromatogram of the basic extract from butter toffee is shown 
in fig.10 • Mass spectral data of most peaks (except those listed on 
the following page) yielded little information, as few ions appeared in 
these spectra. Ions at m/e 117 and m/e 87 were seen in most mass spectra 
but they were assumed to be artifacts because no other ions of appreciable 
relative abundance were seen in the spectra. Peaks 1, 8, 14 and 18 
produced mass spectra which appeared to contain ions other than artifacts. 
The mass spectral data of these peaks are listed in Table 3,1Q,
3Fig.10. Chromatogram of the basic extract from bu t te r
Table 3.18
Peak No* Identification Ions in spectrum (m/e)«
total ion current in brackets
1 Acetone 43(60) 58*(40)
8 43(55) 58(18) 59(13) 117(14)
14 43(26) 45(22) 57(H) 59(9) 61(7) 101(9)
117(16)
18 Dihydropyran 27(21) 29(12) 31(7) 39(7) 41(5) 54(8)
55(28) 84*(12)
Literature values 27(15) 28(11) 29(11) 39(9) 41(6)
56(8)
55(21)
84*(10)
* Molecular ion
ii) High Resolution GC-MS
Table 3.19
Pyrazine Level in Premix (ppb) Level in Toffee (ppb)
Unsubstituted
2-methyl-
Dimethyl- and ethyl- 
Tetramethyl-
Not detected 
Not detected 
Not detected 
Not detected
Not detected 
3.0 
1*2
Not detected
DISCUSSION
The accurate measurement of small differences in food flavours 
by sensory evaluation is a difficult procedure which is, at best, not 
wholly objective. It is possible however, to reduce errors by the use 
of appropriate taste panels, carefully worded instructions and correct 
presentation of samples.
The size of the taste panel is an important factor in the eval­
uation of test samples. The panel should be larger when preference 
tests are being carried out (as in the general panel described earlier) 
than when difference tests are (as in the special panel) (Amerine 
et al 1965)* The number of tasters required is linked to the variability 
of the sample being evaluated, the smaller the difference between samples 
the greater number of tasters needed. The number of people chosen for 
a panel varies widely, according to the experimentalists’ preference 
and often to practical reasons. Thus Bengtsson and Helm (19^6) used 
large panels of 50 ~ 100 people in difference testing whilst 10 - 30 
judges were considered satisfactory by Krum (1955)* The repetition of 
tests by small panels is likely to introduce errors since it is known 
that individuals’ responses vary between, tests (Ough and Baker 1961).
The size of taste panels employed in the work described here was 
limited by practical considerations since tasters were selected from 
the staff of BFMIRA (170 people). Originally 56 people were screened 
with two different tests as described on page 79 and, of these, 24 
people were selected for the general panel. Their progress was 
monitored over a period of time and the 12 most consistent tasters 
were used for more discerning work involving difference tests (the 
special panel). It is well-known that screening increases the useful­
ness of taste panels (Amerine et al 1965) an<^  that at least two screening
tests are necessary to provide a useful panel (Kramer et al I96I). 
Further screening is desirable since it results in the production of 
a more consistent panel, but the number of screening tests carried 
out must ultimately depend upon practical limitations, such as the 
initial number of unscreened tasters available and the size of the 
final taste panel required. Furthermore Amerine et al (1965)recommend 
that all tasters, prior to screening, should be trained to acquaint 
the tasters with the quality factors involved in test samples. This 
was not a practical proposition for the work described herein owing to 
the lack of time and money available. It is probable, however, that 
panellists received on-the-spot training over a period of time during 
general taste tests, and that the twelve people selected for the 
special panel could be considered to be trained.
The screening tests were designed to minimise errors due to 
"carry-over" during the tasting of toffee. The texture of the con­
fection is such that pieces adhere to the inside of the mouth and the 
teeth, even after rinsing with water, and when the next sample is tasted 
the flavour of these pieces is released. Paired taste tests eliminate 
this problem since only two samples at a time are evaluated and these 
are compared directly with each other. If the two test samples are 
different the "carry-over” phenomenon should have no effect and if 
they are the same it is irrelevant.
Although it is generally considered to be better for tasters to 
remove samples from the mouth after tasting (eg Moncrieff 1947)> this 
is not possible with toffee samples owing to the stickiness of the 
confection. Tasters were given water to drink between samples to help 
clear their palates, a procedure recommended by most workers (eg 
Platt 1931)t during taste tests, but it is likely that some "carry-
over" still occurred.
The texture of individual toffee samples often differed slightly 
and, although of no relevance to the work described here, might possibly 
have influenced tasters' perceptions of sample flavours. All samples 
were therefore kept in a cold room at 5°C and were submitted to tasters 
whilst cold, to minimise textural differences.
The general taste tests were designed to allow tasters to grade 
toffee flavour on a numerical scale according to strength of taste. 
Although it is not possible to directly compare the standards purely 
on the basis of toffee flavour (one was made with HPKO fat and one 
with butter) everyone accepted that standard S had a much stronger 
toffee flavour than standard G. Therefore, although the flavour 
ratings 1 to 9 did not strictly represent a gradual transition from 
weak to strong toffee flavour, tasters were able to compare test samples 
to standards and rate them accordingly with respect to relative flavour 
intensity. Test samples were marked X and Y for each taste test and 
tasters were told to taste them in that order. In each case X was 
HPKO toffee (the same as C) and Y was toffee made with one of the 
Strecker aldehydes. The presentation of HPKO toffee as a test sample 
served two useful purposes. Firstly it acted as a check on the accuracy 
of the panel for each individual test since theoretically it should 
have been given an average score of 1 (same as standard C)• Secondly 
it served as a check on the consistency of the tasters* responses 
from test to test since scores for X can be compared over a series of 
tests. Such a method of presentation has gained wide acceptance, 
especially when more than one test sample is to be evaluated, since it 
removes bias in favour of the first test sample. Peryam and Swartz (1950) 
suggested giving a sample which was the same as the control in their 
work on sensory evaluation.
The score ratings for the HPKO samples used in the 5 tests 
carried out vary between 2.0 and 3*2, values which suggest that the 
panel was reasonably accurate in assessing the flavour of test samples 
(A t-test on extreme mean values showed no significant difference).
The psychological factor must be taken into account since people 
assumed that the test sample X must be different from the control, 
and, in general, rated it above standard C. Also the variation between 
tests was not large, the mean score rating for sample X being 2.6 
and the standard deviation 0.52.
The special taste tests were designed to produce simple yes/no 
answers from comparisons of the test and standard samples. The standards 
represented toffee flavour (HPKO or butter), no toffee flavour and burnt 
sugar flavour as described on page 80 . Although not proved, it is 
probable that burnt sugar flavour makes some flavour contribution to 
the overall toffee taste. This flavour is not due to the Maillard 
reaction and therefore is of no importance in the present study, hence 
tasters were instructed to try and ignore it.
The special panel was asked to evaluate simple test samples in 
the first instance (see page 82 ) and the results, shown on page 91 
indicate relative flavour development in each sample. A normal HPKO 
toffee was judged to have HPKO toffee flavour by all of the panel, a 
sorbitol blank was considered to exhibit full HPKO toffee flavour by 
one judge and slight flavour by four judges. The flour blank was 
considered to have no toffee flavour by 10 out of 11 tasters, but one 
person thought that a slight flavour had developed. Statistical 
analysis shows that there is a significant difference between the 
normal toffee and the toffee blank results. These results are predict­
able in the light of current theory, but it is worth noting the result 
for the sorbitol blank toffee. In this recipe sorbitol was used to
replace confectioners' glucose (mixture of reducing sugars which helps 
develop toffee flavour). Some browning still occurs, however, owing 
to the presence of lactose in the condensed milko This is a reducing 
sugar and it can react with protein present to produce browning products. 
Flavour development is slight compared to normal batches because of 
the relatively small amount of reducing sugar present and because of 
the slower rate of reaction of lactose with protein (compared to glucose)• 
The flour blank contains no casein and browning is not possible even 
with reducing sugars present (protein is present, however, in the form 
of wheat gluten but no browning occurs).
Strecker Aldehydes and Toffee Flavour
The levels chosen for spiking the premix (see page 82 ) were 
arbitrary but were chosen in the light of the work done by Salem et al 
( l967)* They measured the amounts of Strecker aldehydes formed during 
the baking of bread spiked with various amino acids and sugars and 
found levels to be of the order 10 ppm for control samples. The 
cooking conditions for bread are rather different from those for 
toffee, the temperature employed being much higher (about 220°G for 
30 mins). In similar work on model systems Rooney et al (19&7) found 
that mixtures of glucose and various amino acids heated for 12 hours 
at 95°G produced large amounts of Strecker aldehydes. Thus a glucose- 
alanine system produced 140 ppm of acetaldehyde, a glucose-valine 
system produced 400 ppm of isobutyraldehyde and a glucose-leucine 
system produced 820 ppm of isoyaleraldehyde.
The levels chosen for spiking premix were between the two sets of 
values above, being in the order of 50 ppm for isobutyraldehyde and 
isovaleraldehyde, 10 ppm for phenylacetaldehyde and 2-methylbutanal 
and 0.2 ppm for methional. The last three levels were selected on
a trial-and-error basis, toffee having been made with higher levels of 
these additives was considered to contain off flavours. These levels 
therefore represent the highest possible added concentrations without 
impairing the toffee flavour.
The results of taste tests (see page 91 ) indicate that both 
isobutyraldehyde and isovaleraldehyde make positive contributions to 
toffee flavour (taste test results being significantly different from 
controls on statistical analysis), whilst phenylacetaldehyde and 2- 
methylbutanal make no positive contribution (no statistically significant 
difference between test samples and controls). Results suggest that 
methional makes no contribution to toffee flavour. It would seem 
likely, then, that some of the Strecker aldehydes make some contribution 
towards flavour, either by acting as precursors for new flavour compounds 
or by contribution per se. Pokorny et al (l973h) has studied the reaction 
between aldehydes and casein by measurement of available amino groups 
and found that the speed of reaction is inversely proportional to the 
aldehyde chain length. Thus acetaldehyde blocks free amino groups of 
casein more quickly than undecanal and 50$ of free amino groups are 
blocked after heating casein (lg) and acetaldehyde (0.05g) at 60°C for 
1 hour, whilst hexanal blocks 35$ of free amino groups under the same 
conditions. Such evidence supports the theory that there is some 
reaction between lower aldehydes and casein in the toffee system, with 
a resulting enhancement of toffee flavour (some possible reactions are 
outlined on the-following page).
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The addition of methional did not affect toffee flavour develop­
ment to any appreciable extent and it is possible that this is due 
to the very low concentration of additive present. Toffee made with 
higher levels of added methional tasted clearly of mashed potato which 
is obviously undesirable, and the amount of methional added was the 
highest possible level which did not produce undesirable flavours.
It should be noted that flavour contribution of additives per se 
was possible taking into account the measured flavour thresholds of 
various aldehydes. Kinsella (19&9) found the flavour thresholds of 
n-butyraldehyde and n-valeraldehyde in milk to be 0.19 ppm and 0.13 ppm 
respectively, values which are exceeded in the toffee systems described. 
5-hydroxymethylfurfural (HMF) and Toffee Flavour
HMF is a well-known compound which arises from the thermal deg­
radation of certain sugars and as a. product of the Maillard reaction 
(see Introduction). Hexoses decompose in acidic or basic solutions, 
or under the influence of heat, in the following manner (Feather and 
Harris 1970):
H-C=0
I
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HO-G-H
i
H-G-OH
I
tf-C-oH
i
CH20H 
Glucose
The conditions of sugar degradation markedly affect the amount of 
HMF produced; Feather and Harris (1970) heated glucose solutions under 
acid conditions for 90 seconds at 250°C and found that the solution
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contained 20$ HMF. In food systems, however, levels found are much 
lower* Levels of HMF in aged honey can often exceed U0 ppm (Dhar and 
Roy 1972), "breakdown occurring at room temperature under acidic con­
ditions (the pH of honey is 4-, Winton and Winton 1939)* Salem et al 
(1967) measured the level of HMF in bread crust and found a value of 
11 ppm after having baked the bread at 220°C for 30 minutes. Groux 
(1974') studied the formation of HMF in skimmed condensed milk (recon­
stituted from milk powder) heated at temperatures between 105 and 120°G 
for 15 minutes* He found that the level of HMF in the system was 
70 ppm for milk that was heated at 120°C.
HMF has also been identified in a heated lactose-casein system 
(Ferretti and Flanagan I97i)> a heated glucose-glycine system. - 
(Chichester et al 1952) and as a pyrolysis product of sucrose 
(Johnson et al 1969)*
Although the systems described above differ in content and 
processing conditions from toffee it is perhaps possible to compare 
the levels found in toffee to those reported above.
The method used for the quantitative analysis of HMF in premix 
and toffee (see page 84-) makes use of its high extinction coefficient 
(e^  16,500) by measuring the absorption at 283 nm. The method described 
separates the HMF from sugars etc by adsorption on a column of act­
ivated charcoal, clean-up and subsequent desorption with acetone*
Dhar and Roy (1972) applied the method to the analysis of honey, a 
foodstuff which dissolves readily in cold water. Initial experiments 
with solutions of toffee in cold water were unsuccessful since the 
toffee "solution” blocked the charcoal column and made it impossible 
to elute the sugars etc. and HMF. The problem was solved by dissolving 
samples in hot water but the column itself then had to be heated to
prevent cooling of the solution and subsequent blockage* Recovery 
experiments were therefore carried out to determine the effect of 
heating the column upon measurement of HMF* The results indicated 
that such heating had little or no effect since the recovery was found 
to be 98$*
The results of HMF determinations on premix and toffee (see page
96 ) show levels of 2.0 ppm and 1.2 ppm respectively. The presence of 
HMF in premix is the result of incorporating confectioners* glucose 
into the recipe* The confectioners glucose used for toffee-making 
contained 8 ppm of HMF before cooking and ppm afterwards (see page
97 )• Since confectioners glucose represents 27$ of the premix weight, 
the level of HMF expected for premix would be 2*2 ppm. Similarly
the expected level in toffee due to cooked confectioners glucose alone 
would be 3.8 ppm which is more than was found. The expected level in 
toffee would be higher still if' any HMF was formed as a result of the 
Maillard reaction. The actual results therefore indicate a loss of 
HMF, either due to evaporation or reaction with the system or both*
Some evaporation is known to take place, as shorn by the results of 
determinations on a flour toffee blank made with added HMF (see page 
101), but this effect alone is not enough to account for the low level 
found in toffee* It would appear then that a reaction takes place 
between HMF and a component of the toffee system (probably casein)»
Recovery experiments were carried out with toffee spiked with 
different levels of HMF and the results are shown on page 96 •
Recovery appears to be in the order of 100$ but actual values are higher 
since the HMF already present in the system is also determined. These 
results confirm that the level of IMF in toffee is about 1.2 ppm.
The profile of HMF during caramelisation (see page 97 and fig* 8) 
shows that HMF concentration steadily increases for the first 14- 
minutes, then sharply falls to a level of about 1.5 ppm and subsequently 
stays at this value until cooking is terminated. The sharp drop in 
concentration coincides with the onset of visible browning, an obser­
vation which is likely to be of significance. It would appear from 
these results that a reaction does occur between HMF and the toffee 
system (some possible interactions are shown later).
There has been much controversy in the past about the role that 
HMF plays in.the browning reaction. Early work done by Wolfrom et al 
(1949) and Gottschalk and Partridge (1950) suggested that the form­
ation and subsequent reaction of HMF was the major pathway by which 
browning products were formed. Wolfrom et al (1953) identified the 
repeating unit in browned glucose-giycine as being the condensation 
product of HMF and glycine. Diemair and Jury (1965) found that at 
70°C and low pH (3*15 ~ 4.75) neither glucose nor fructose reacted 
with aspartic acid, glutamic acid, phenylalanine or leucine but that 
HMF did, and they concluded that, under the conditions of study, 
browning proceeded only through the reaction of HMF and sugar degradation 
products. Subsequent work on reaction rates, however, produced evidence 
which contradicted the previous findings. McWeeny and Burton (1963) 
studied the relative reaction rates at pH 5*5 - 6.0 of glycine with 
difructose glycine, 3-deoxyhexosone, HMF and pyruvaldehyde (all Maillard 
reaction intermediates) and came to the conclusion that the HMF-glycine 
reaction could not represent the major pathway to browning products 
under the conditions of study. Song et al (1966), in their kinetic 
studies on glucose-giycine model systems (at pH 5*5) t concluded that 
HMF was not a major reaction intermediate since its concentration in 
the system steadily increased. Such an observation suggests that the
rate of formation of HMF is greater than the rate of loss through 
reaction and that the HMF formed takes no part in the steady-state 
phase of the reaction. The same authors suggested, however, that 
"since HMF yields a yellowish colour in the presence of amino acids 
in aqueous solution and copolymerises to form brown products under 
thermal conditions, the coloration due to HMF may be called a 
secondary 'browning reaction'. The reaction scheme (of glucose- 
giycine systems) must therefore include contributions from the for­
mation of HMF as well as of other possible colour precursors via 
side reactions".
The reaction between HMF, 2-furfuraldehyde and casein has been 
studied by Pokorny et al (1573c). They found that the reaction was 
zero or first order with respect to amino groups depending upon the 
concentration of the aldehyde and that appreciable browning occurred 
only above 60°C and accelerated with increasing temperature.
There is ample evidence, therefore, for a reaction between HMF 
and casein although the significance of the interaction is not alto­
gether clear. Toffee made with HMF added at the premix stage (see 
page 86 ) developed more colour than a control sample (see Table 3*13) 
and the level of HMF present dropped by an average of 53$* A sorbitol 
toffee made with HMF (ie no confectioners glucose present, see pages 
86 and 100 and Table 3.13 browned considerably compared to a control 
sample made without HMF and a drop of 90$ of the level of HMF added 
was recorded. There was. some flavour development but it was not poss­
ible to evaluate this in terms of toffee flavour owing to the sweetness 
of the sorbitol present. Another batch of toffee was made in which the 
casein was omitted and HMF was added at the premix stage. This sample
served as a check on the extent of evaporation and colour development 
due to HMF alone (there is the possibility that, under the right 
conditions, HMF can self-condense to form polymeric coloured compounds). 
Results indicate that there, is almost no colour development (see Table 3«13) 
and that about 47$ of added HMF evaporates during the cooking process 
(see page lOi). The results of normal toffee and sorbitol blank 
toffee made with HMF therefore confirm that a loss of HMF occurs due 
to reaction in the system and that there is some colour development as 
a result. It would also appear that such a reaction produces flavour 
as well, although it should be noted that HMF has flavour potential 
in its own right. Kinsella (1969) determined the flavour threshold 
value of HMF in milk to be 1.0 ppm.
It is perhaps of some significance that the drop in HMF due to 
reaction is much greater in the system containing no reducing sugars
(sorbitol toffee blank) than in the normal toffee system which
contains confectioners glucose. There would be competition between 
the reducing sugars and HMF for free amino groups in a normal toffee 
system and on the basis of results obtained, the sugars are more 
likely to react. McWeeny and Burton (1963) found that the rate of 
browning of HMF-glycine mixtures was several times less than that of 
difructoseglycine- or 3“<le°xyhexosone-glycine mixtures.
The changing concentration of HMF during the cooking of toffee 
was monitored as described on page 85. For the first fourteen 
minutes of cooking there is a steady build-up of HMF to a maximum 
value of 4 ppm after which there is a sudden drop to about 1.5 ppm, at
the same time as the onset of visible browning.
The maximum concentration of HMF present corresponds to the 
expected value for a mixture containing cooked-confectioners glucose 
(see earlier) and at this stage of caramelisation it would appear that
no HMF is formed as a result of the Maillard reaction. It may be 
assumed, then, that for the induction period of browning, as the 
temperature of the system rises from ?0 - 105°C, there is no 
appreciable reaction between the HMF present and casein and that the 
reducing sugars present are reacting normally. For the last 12 
minutes of cooking time, however, the HMF concentration drops rapidly 
and remains constant at a level of approximately 1.5 ppm. It likely 
then that the HMF-casein reaction takes place during this stage of 
caramelisation and that a steady-state situation Is reached because 
the HMF reacts with the casein at about the same rate at which it is 
formed as a product of the Maillard reaction.
It is possible that there is some change in the overall system 
which facilitates the HMF-casein reaction during the later stages of 
cooking. A number of factors are involved and it is probably not 
possible to decide which is of most importance. The increase in 
temperature might alter the mechanism of the HMF-casein reaction 
and make it more competitive with the main browning process. 
Alternatively, as the moisture content of the system falls (through 
evaporation) the Maillard reaction might proceed by a different path­
way, thus enabling the HMF present to react with the protein.
The most probable explanation, however, is that there is some 
change in the physical nature of the system, involving the protein, 
and that this leads to a corresponding change in chemical reactivity.
In the toffee system casein denatures at 80°G (Lees and Jackson 1973)? 
this process has the effect of breaking down the tertiary structure of 
the protein with the consequence that reactive sites on the protein 
become more available and that the protein becomes less water-soluble. 
It has been suggested (Stansell 1975) that the induction period in 
toffee caramelisation is partly due to the chemical unavailability of
the protein and an experiment was designed to test this theory.
A normal hatch of HPKO toffee was made and samples (5g) were . 
withdrawn when the temperature of the mixture was 60, 80, 100, 120°C.
Aqueous solutions (20$) of each sample were made and mixed with
/
methylene blue which has the effect of staining the protein. Samples 
were then examined under a microscope (magnification x50) and photo­
graphs of samples were taken (these are shown on page 124). it is 
clear, from the photographs, that at the lower temperatures (60°C) 
the fat globules are closely bound to the protein and often surround 
it.' At higher temperatures (120°) the fat is separated from the
protein as can be seen in photograph ii.
£ Stow.sell
Another experimentXwas carried out to test the theory by macro­
scopic observation. Solutions (20$) of the same samples were centri­
fuged at 3000 RPM for 15 minutes and the depth of precipitate in the 
bottom of the centrifuge tube was measured. It is probable that most 
of the precipitated matter is insoluble protein, and the results are 
shown in the table below.
Sample withdrawn at . Depth of insoluble matter
6o°c 0.5 mi
80°C 2 mm
100°C 3 mm
120°C 6 mm
S w  ^ i &
The results indl-eat-e that more protein becomes available as the 
temperature of the system increases, - r-:
The ' _ = change is probably related to 
protein denaturation which occurs during this temperature range and
PHOTOGRAPHS OF AQUEOUS STAINED SOLUTIONS OF PREMIX AMD TOFFEE
o
i) PRB.IIX (6 0  C)
o
ii) TOFFEE (1 2 0  C)
- : ‘ to insoluble pigment formation as a result of the
"browning process.
The results of both experiments indicate that some change does
occur in the physical nature of the system at temperatures between
fACv.^ V>£
80 and 100 C and that these as® related to the conformation of the 
protein present. It is probable, then, that the sudden drop in HMF 
concentration is connected with this change and that the development 
of colour and flavour are also related to it.
HMF-casein Model Systems
HMF and casein have been shown to react together, both in the dry 
state and in solution by experiments on model systems described on 
page 86 • The results of residual HMF determinations, shown on 
page 1019 indicate that reaction takes place under both sets of con­
ditions and that the drop in HMF present is greater in the dry system. 
It is possible that this is due to evaporation of the HMF as well as 
reaction since the system was open to the atmosphere, unlike the HMF- 
casein solutiono
The reaction most likely to take place between HMF and casein is 
shown below. It is probable that the free amino groups of the protein 
are involved and that the reaction scheme is somewhat similar to that 
for the first stage of the reducing sugar-casein interaction.
CH20H'
Free amino group HMF I Schiff's Base
The Schiff’s base, however, cannot undergo an Amadori rearrange­
ment as in reducing sugar-amine complexes because the hydroxyl groups 
necessary for such rearrangements are not available# The Amadori 
rearrangement product (ketoseamine) is not considered to be a major 
precursor of browning products since it is formed in significant quant­
ities and can be readily isolated from reaction mixtures (Hurst 1972). 
Hence other reactions must take place which can lead to brown pigments, 
some of which are postulated below.
The Schiff’s base shown on the previous page is unlikely to react 
with another molecule of HMF, it is more likely that the compound I 
will instead. It is possible that two molecules of HMF will react in 
the following ways.
BDCH2 0 Cv
0
H
+ H.OH
/ OH
HOCH. ' 0 ' C"
* H OH
+
PH / \
HQCHL 0 G 0 CH^OH HDGH,
2 H OH /  2
/OH OH
0 H'C '0-C ' 
I
C^OH
Hemiacetal and acetal formation are also possible under the right 
conditions.
,0 / \  x A
H0CHo 0 C 7 H0GH9 0 CHO H0CH?^ \
^  /0 
0 c
H _J O-CH, + | (L
H
A o CHD
HOCIt^
.OH
0 ^  X  /
H O-CI^
0 ^ G H O
Hemiacetal
Under acidic conditions the acetal may he formed.
- H
HOCEp 0 / V /  0H2 0 ^✓ \H 0-GH2
H
CHO HOGHp 0 g '
, 0  0 
ch2 " ch
H0CH2 " 0 CHD
<c
<
>
0
GHO CHO
Acetal
•There is the further possibility that the compounds shown above 
may react with themselves and each other to form polymers although the 
extent of such reactions is not clear. It is likely, however, that 
such HMF-HMF interactions play a relatively minor part in browning, 
since the flour blank toffee spiked with HMF developed very little 
colour (see page 103), Browning probably involves the HMF-amine 
complex in some way* .. ^  ;
_ ' It is
possible that compound II is the precursor of browning products in the 
HMF-casein system although the reaction scheme involved is not known* 
Sulphur dioxide levels were determined in premix and toffee since, 
under certain conditions, it can form an adduct with HMF which might 
reduce the level of HMF determined. It is present as sodium bisulphite 
in the confectioners glucose and the addition reaction is shown below.
0=S
OH
K0CH2y 0 '"UHO 0 Na
/
OH
H0GH£ \ 0
H SO^ Na
Bisulphite addition compound
Smith (196^) has studied the effect of varying levels of bisulphite 
present upon the determination of HMF. Aqueous solutions of HMF (10.9 ppm) 
were stored at room temperature with various levels of sodium bisulphite 
for 18|- hours. A concentration of 5 ppm of bisulphite produced a 10$ 
drop in the amount of HMF determined (premix was found to contain k ppm 
of bisulphite). The experimental conditions were different from those 
for the production of toffee and it is difficult therefore to assess 
the effect of bisulphite on HMF determinations in premix and toffee. In 
general, however, bisulphite addition compounds are stable at low 
temperatures,.the position of equilibrium shifting to the left as the 
temperature is increased.
It is probable, therefore, that the presence of trace amounts of 
bisulphite in premix and toffee has little effect on the level of HMF 
determined and that no correction factors need be applied.
Collection of Volatiles from HMF-casein Model Systems
Collection of volatiles from an HMF-casein model system might be 
of importance in elucidating the reaction mechanism. Initially, experi­
ments were carried out on an aqueous system but no volatiles were col­
lected in this way and a dried mixture of HMF and casein was used 
instead. Mass spectral data and identifications of volatiles collected 
are shown on page 10*^ .
It is probable that both methylfurfural and ethylfurfural were 
impurities in the HMF, and that peak 7 was produced by a furan-type 
compound. The other volatiles were not identified and it is not poss­
ible to know whether they were impurities or reaction products.
No more experiments were carried out on this system since vigorous 
purification of both casein and HMF would have been necessary (the HMF 
used was as supplied by Sigma Chemicals Ltd., 99*9$ pure).
Pyrazines in Toffee
Pyrazines are well-known products of the Maillard reaction and 
give some clue as to the extent of browning. They occur, at various 
concentrations, in a wide variety of roasted foods such as coffee, 
chocolate, peanuts, popcorn, potato crisps and crisp breads (Maga and 
Sizer 1973)* Various alkylpyrazines have also been identified in model 
systems; Shigematsu et al (1972) identified a mixture of alkylpyrazines 
in a glucose-alanine system heated at 250°C for 1 hour. Ferretti et al 
(1970) identified five pyrazines in a lactose-casein model system stored 
at 80°C for 8 days and Koehler and Odell (1970) found dimethylpyrazine 
in a glucose-glycine system heated at 120°C for 2k hours.
Initially attempts were made to identify pyrazines by low resolution 
GC-MS of a basic extract of vacuum steam distillates from premix and 
toffee (see pages 89 and 106). No pyrazines were identified by this 
method although many peaks were seen in the chromatogram of a toffee 
extract. Most gave very similar mass spectra which were of little 
interest, although dihydropyran was tentatively identified in the extract. 
This compound has been identified in the basic extract of milk caramel 
volatiles by Talapatra (197*0 "but its role in toffee flavour development 
is not clear.
High resolution GC-MS was then used to investigate the pyrazines, 
the mass spectrometer being set at a resolution of 10,000. Four 
pyrazines were monitored and the mass spectrometer was focussed on the 
molecular ion of each (shown below) since this ion usually is of high 
relative abundance in the mass spectrum of pyrazines.
H
+> ch3 n T
N % N CH, N CH,
Pyrazine 
m/e 80
2-methylpyra,zine 
m/e 9k
2,3-dimethyl- 
pyrazine 
m/e 108 .
2,3>5*6-tetra- 
methylpyrazine 
m/e 136
At the resolving power of the mass spectrometer a number of other 
fragments would, be detected at the same mass to charge ratio (as shown 
on page 132 ) but it is unlikely that compounds producing these fragments 
would have identical GLC retention times to those of the monitored pyrazine 
ions. It is assumed, then, that the compounds detected were pyrazines, 
although the levels were very low. The results show that 2-methylpyrazine 
and dimethyl- and ethylpyrazines were detected in toffee only, and that 
these are probably formed as a result of the caramelisation process since 
they were not found in the premix extract. Talapatra (197*0 also identi­
fied 2-methyl-and dimethylpyrazines in very low concentrations in his 
work on milk caramels. Little work has been carried out on the flavour 
thresholds of pyrazines but Koehler et al (1971) reported the odour 
detection thresholds of alkylpyrazines to be about 50 ppm in water and 
20 ppm in oil. Collins (1971) assessed the flavour thresholds of various 
alkylpyrazines in dark Irish beer and found that 2-methylpyrazine could 
only be detected in concentrations of more than 100 ppm. Similarly, 
the flavour thresholds for other pyrazines are listed and were; ethyl- 
pyrazine 10 ppm, 2,5-dimethylpyrazine 25 ppm, 2,6-dimethylpyrazine 3 ppm 
and 2,3-dimethylpyrazine 50 ppm.
It is very unlikely, therefore, that the pyrazines detected in 
toffee make any contribution to the overall flavour in view of the 
flavour threshold evidence presented above, but they serve as an indication 
that the Maillard reaction is taking place during caramelisation (although 
not to a very large extent otherwise the levels detected would have 
been higher. For example, roasted peanuts contain 6 ppm of 2-methylpyrazine 
and 11 ppm of dimethylpyrazine (Koehler et al 1971))•
Closest Fragments to Monitored Pyrazine Ions
Pyrazine Exact Mass Closestfragments
Resolving Power 
required
G3H2N3 6350
Unsubstituted 80.0374 C5H6n 6350
c5¥ > 7100
w 3 7450
2-methyl- 94.0530 W 7450
c6h6° . 8320
C5H6n3 8640
Ethyl- and 108.0686
c7hiok 9530
dimethyl- C-HgO 9560
CHA°2 26340
<V f121I2°3 8840
c7hion3 10800
Tetramethyl- 136.0993 w 10800
C9H12° 12040
C3H12H^°2 33200
1) To separate closest fragment from monitored pyrazine ion.
SUMMARY OF RESULTS AND CONCLUSIONS
Some Strecker aldehydes (isobutyraldehyde and isovaleraldehyde) 
make a positive contribution to toffee flavour when added before 
caramelisation.
5-hydroxymethylfurfural is formed in the early stages of' caramel­
isation by the thermal degradation of glucose and reacts, probably 
with casein, during the later stages of caramelisation. The induction 
period of the reaction is due to the chemical inactivity of the casein 
below 80°C - reaction takes place above this temperature.
Very small amounts of 2-methyl- and dimethylpyrazines are formed 
during caramelisation.
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SUMMARY
Attempts have been made to determine the role of butter compounds 
in toffee flavour formation by taste tests and chemical analysis.
Samples of toffee have been made incorporating various compounds 
(lactones, carboxylic acids and methyl ketones) known to be present 
in butter and the effect on flavour has been monitored by the general 
and special taste panels (see page 79 for descriptions). The removal 
of these same compounds from butter has been effected by vacuum steam 
distillation and toffee made with the deodorised butter has been 
submitted to taste panels.
The role of carboxylic acids in toffee flavour formation has 
been examined by quantification of the free acids in premix and 
toffee. The acids were isolated from the food matrix by vacuum steam 
distillation, and then analysed as their methyl esters by gas- 
chromatography and combined gas-chromatography-mass spectrometry.
The analysis of carbonyls in premix and toffee has been attempted 
using a number of different extraction procedures. Thus attempts have 
been made to isolate carbonyls as their Girard-T, phenylhydrazone and
2,4-dinitrophenylhydrazone derivatives. Analysis was attempted by GLC, 
with the use of flame ionisation and specific nitrogen detection systems.
f
EXPERIMENTAL
Comparison of HPKO and Butter Toffee Flavours
Standard samples of HPKO and butter toffee were submitted to the 
general taste panel (see page 79) for evaluation.
Butter Toffee Flavour
Standard butter toffee, butter sorbitol blank and butter flour 
blank samples (see page 36 for recipes) were submitted to the special 
taste panel (see page 80) for evaluation. Similarly, toffees made 
with HEcho*' and "Blue Band" margarines instead of butter were also sub­
mitted to the special panel.
The Effect of the Addition of Butter Compounds on Toffee Flavour
i) Rancid Butter
"Wheelbarrow" butter was stored at room temperature for 2 weeks 
and a standard batch of toffee was then made incorporating this 
butter. Peroxide values (British Standards 1950 a) and free fatty acid 
values (British Standards 1950 b) were determined as indicated for 
the stored butter and for a sample of fresh butter for comparative 
purposes. The rancid butter toffee, together with a sample of fresh 
butter toffee, was submitted to the general taste panel for 
evaluation.
ii) Butyric Acid
Two standard batches of butter toffee were made, one of which 
contained added n-butyric acid (60 mg) corresponding to 0.1^  of the 
weight of butter. The n-butyric acid had previously been purified by 
refluxing with 2,4-dinitrophenylhydrazine for 3 hours, followed by 
distillation (163 - l64°C). Purity was checked by GLC and this acid 
was used for the production of butyric acid toffee. Both samples of 
toffee were submitted to the general taste panel' for evaluation.
Analysis of Toffee for Free Butyric Acid
The method of Kiely and 0*Drisceoil (1971) was used. Toffee (30g) 
was ground under liquid nitrogen and dissolved in distilled water (50ml) 
The pH of the solution was adjusted to ^.5 with orthophosphoric acid 
and the solution was heated at 60°C for 1 hour under reflux. The 
solution was cooled, methanol (50 ml) added and the mixture was filtered 
Saturated sodium hydrogen sulphate solution (25 ml) was added and the 
solution was extracted with four portions of diethyl ether (10 ml).
The ether layers were combined, washed with water and dried over 
anhydrous sodium sulphate. The dried ether was evaporated in a 
Kuderna-Danish apparatus and made up to 5 ®1 with diethyl ether.
Aliquots (0.5 pi) were injected into a Perkin-Elmer Fll Gas Chromat- 
ograph fitted with a Teflon column (6f x g“) packed with 10/6 Diethylene 
Glycol Adipate (DEGA) on Chromosorb W. Gas chromatographic operating 
conditions were
Carrier gas Nitrogen at 20 ml/min.
Column oven 90°C isothermal
Range 1
Attenuation 8
Butyric acid determinations were carried out on the toffee which 
had been spiked with 0.1$ butyric acid (see earlier this section). 
Recovery experiments were carried out on HPKO toffee (30g) spiked with 
n-butyric acid (5 pi) > corresponding to 0.01$ by weight of the fat. 
Toffee Containing Butyric Acid Added Before and After Caramelisation 
Two standard batches of butter toffee were made. To one batch, 
n-butyric acid (60 pi), corresponding to 0.1$ by weight of butter, 
was added at the premix stage and to the other n-butyric acid (6 pi),
corresponding to 0.01$ by weight of butter, was added 1 minute before 
boiling was stopped. Both samples were then submitted to the general 
taste panel for evaluation.
Butter Flavour Concentrate 
Two batches of HPKO sorbitol blank toffee were made. To one 
batch, butter flavour concentrate (100 mg, supplied by Food Industries Ltd. 
Bromborough) was added at the premix stage, which corresponded to 1800 ppm 
by weight of fat. The experiment was repeated with 200 mg of butter 
flavour concentrate (also added at the premix stage)•
The Effect of Removal of Butter Compounds on Toffee Flavour 
Deodorisatlon of Butter
Butteroil was prepared in the following way. Butter was melted, 
filtered through a Whatman No. 4 coarse filter paper and reheated. The 
serum free butter separated into an upper butteroil and lower aqueous ' 
phase. The butteroil was decanted and deodorised in the apparatus shown 
in fig. 11 » after the method of Cocks and Van Rede (1966). The temp­
erature of the deodorisation flask was maintained at 150°C and de~aerated 
water (15 ml) was added (as steam) over a period of 3 hours. The 
system was maintained at a pressure of 2 - 3 mm mercury by means of 
a rotary pump. After deodorisation the apparatus was flushed with 
oxygen-free nitrogen to bring it back to atmospheric pressure. The 
deodorised butteroil was macerated with 16$ water (wt/wt) before use, 
to approximate its texture to that of normal butter.
*^v) Deodorised Butter
A standard batch of toffee was made with deodorised butter and 
samples'Were submitted, to both general and special taste panels for
evaluation. In general taste tests, samples were compared to both 
commercial toffee and butter toffee, as standard S.
Fig.11. 
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Partial Re-placement of Butter Flavour Compounds
v) Free Carboxylic Acids
The following free carboxylic acids were added to a.standard 
batch of premix made with deodorised butter. The toffee made in this 
way was submitted to the special taste panel for evaluation.
Acid Amount added (mg)
Acetic 0.3
Butyric 0.3
Hexanoic 0.6
Octanoic 1.5
Decanoic 0.6
Dodecanoic 3.0
These concentrations correspond to the optimum flavour levels in 
butter as determined by Urbach et al (1972).
vi) 5-Lactones
The following 8-lactones were added to a standard batch of premix 
made with deodorised butter. The toffee thus made was submitted to the 
special taste panel for evaluation.
Lactone Amount added (mg)
8 -decalactone 0.9
8 -dodecalactone 2.1
These concentrations correspond to the levels found in fresh 
butter by Kinsella et al (1967)•
vii) Methyl Ketones \
A mixture of methyl ketone precursors (Grindsted Products Ltd.) 
was added to a standard batch of premix made with deodorised butter 
in order to produce the quantities of methyl ketones shown below. 
These values correspond to the levels found in fresh butter by 
Kinsella et al (1967)* (The chemistry of methyl ketone formation 
from the precursors is discussed later).
Methyl ketone generated Amount present (mg)
2-propanone 1.2
2-butanone 1.2
2-pentanone 1.°
2-heptanone 1.2
viii) Diacetyl
Diacetyl (2.5pl) was added to a standard batch of premix made 
with deodorised butter. The resulting toffee was submitted to the 
special taste panel for evaluation. The level of diacetyl added 
corresponds to that found by Winter et al (19&3) in fresh butter,
ix) Deodorised Butter and Butter Flavour Distillate
The distillate from butter (l20g) was collected in distilled water 
(10 ml). Two standard batches of toffee were made with deodorised 
butter. To one batch, half of the aqueous distillate (5 ml) was added 
at the premix stage and to the other batch half of the aqueous distil­
late was added 1 minute before boiling was stopped. Both samples were
submitted to the general and special taste panels for evaluation. In 
general taste tests Standard S was butter toffee.
A standard batch of HPKO toffee was made and the aqueous distillate 
from butter (60g) was added at the premix stage. The sample was sub­
mitted to both general and special taste panels for evaluation,
x) Mixture of Additives
Toffee made with deodorised butter, incorporating all additives 
listed in sections (v) to (viii) inclusive, was submitted to the special 
taste panel.
The Role of Free Carboxylic Acids in Toffee Flavour Formation 
Vacuum Steam Distillation of Butter Premix and Toffee
Butter toffee (48g) was ground under liquid nitrogen and macerated 
with glycerol (l50g) in a Silverson mixer. The solution was vacuum 
steam distilled, in the apparatus shown in fig. l i t  at 95° C for 1 hour 
with de-aerated water (6 ml) at a pressure of 5 mm mercury. Volatiles 
were collected in iced water (25 ml) which was subsequently extracted 
four times with diethyl ether (10 ml). The ether layers were combined, 
dried over anhydrous sodium sulphate and evaporated to small volume on 
a ICuderna-Danish apparatus. A similar experiment was carried out on 
fresh butter premix containing 
Condensed Milk (l5g)
Sucrose (l5g)
Butter ( 6g)
Confectioners glucose was omitted from the premix so that browning 
would not occur during distillation. Samples from the concentrated ether 
extract (0.2 pi) were injected into the GC-MS system incorporating a SCOT 
column (50* x 0.02") coated with DEGS which was temperature programmed
from 50 - l80°Cat 10°/min. Low resolution mass spectra, were taken 
of all major peaks in each chromatogram.
The Effect of 3-methylcyclo-pentanone on the Development of Toffee Flavour
*
A standard hatch of butter toffee was made and 3-methylcyclopentanone 
(5 pi) was added at the premix stage. The toffee thus made was sub­
mitted to the general taste panel for evaluation.
Vacuum Steam Distillation of HPKO Premix and Toffee
HPKO toffee (^3g) was ground under liquid nitrogen and macerated with 
glycerol (l50g) with a Silverson mixer. Vacuum steam distillation was 
carried out as described above and the distillate, again collected in 
iced water, was made alkaline (pH 12) with sodium hydroxide solution 
(50% wt/wt). The aqueous layer was extracted with four portions of 
diethyl ether (10 ml) which were subsequently combined, dried over 
anhydrous sodium sulphate and evaporated to small volume on a Kuderna- 
Danish apparatus. This shall be referred to as the non-acidic extract.
The aqueous alkaline layer was evaporated to small volume on a 
rotary evaporator and carefully adjusted to pH 1 with sulphuric acid 
(50$)« ^he acidic aqueous solution was extracted four times with diethyl
ether (10 ml), the organic layers combined, dried over anhydrous sodium
sulphate and evaporated to small volume on a Kudema-Danish apparatus.
This shall be referred to as the acidic extract.
HPKO premix was vacuum steam distilled in a similar manner. 
Confectioners glucose was omitted from the mixture to prevent browning 
during distillation and the premix comprised 
Condensed Milk (l5g)
Sucrose (l5g)
HPKO extracoa fat ( 6g)
A separate distillation was carried out on confectioners glucose 
(l5g)» All samples were injected (0.2 ^ al) into the GC-MS system 
incorporating a Teflon column (6* x gH) packed with Porapak Q. The 
column oven was programmed from 100 - 200°C at 5°C/min.
Formation of Benzyl Esters
Benzyl esters were formed in situ in the following manner. A 
mixture of acetic, Butyric, hexanoic, octanoic and decanoic acids 
(50 mg of each) were dissolved in diethyl ether (0*5 ml). An aliquot 
(20 j i l )  of this solution was mixed with the esterifying reagent, 
benzyltrimethylammonium methoxide. Injections (0.1 p i ) were made into 
a Perkin-Elmer F-ll GLC fitted with a SCOT column (50' x 0.01") coated 
with OV-17. The injection port temperature was maintained at 350°C (to 
effect esterification) and the column oven was programmed from 110 - 
250°C at 5%iin.
The Isolation of Carboxylic Acids from Butter Premix and Toffee
as their Benzyl Esters
Samples of butter toffee (^g) and butter premix (3&g) (see page
36 for recipe) were vacuum steam distilled and separated into non-acidic
and acidic extracts as described earlier • The premix and toffee
acid extracts were mixed with benzyltrimethylammonium methoxide (50 pi)
and all extracts were then analysed in the GC-MS system, incorporating
4
a stainless steel column (6’ x ^{|) packed with 5^ 0V 17 on Chromosorb YJ 
(80 100 mesh, AYJ-DMCS). The injection port of the gas chromatograph
was maintained at 350°C and the column oven was programmed from l^ K) - 
230°C at 5°/m±n for acidic extracts and 50 ~ 230°C at 10°/min for 
non-acidic extracts. Low resolution mass spectra were taken of all 
major peaks in chromatograms of each extract.
Formation of Methyl Esters
Methyl esters were made in the injection port of a Perkin-Elmer 
gas chromatograph (set at 350°C) with tetramethylammonium hydroxide 
(TMAH) as the esterifying reagent. Conditions were selected for 
quantitative derivatisation of acids using the minimum volume of reagent 
in the following manner. .
Three lots of the same standard mixtures were made up, each con­
taining even numbered carboxylic acids from C4 to Cl6 inclusive (5 mg 
of each). Different amounts of TMAH reagent were added to each mixture, 
as shown below.
Mixture A Acids + 25 pi TMAH
Mixture B Acids + 50 pi TMAH
Mixture C Acids + 75 pi TMAH
Injections were made into a Perkin-Elmer F-ll gas chromatograph 
fitted with a SCOT column (50' x 0.01”) coated with OV-17, injection 
port temperature being maintained at 350° C and the column oven being 
programmed from 50° 250°C at 10°/min after an initial hold of 5
minutes. The efficiency of derivatisation was then calculated from 
measured peak areas in each chromatogram.
Recovery Experiments for Standard Acids
i) At 95°C
A mixture of known weights of even numbered acids (from C^ - - C18 
inclusive) were vacuum steam distilled from glycerol (l50g) for 100 mins 
at 95°G with de-aerated water (15 ml) under a vacuum of 5 mm mercury.
The acids were isolated from the aqueous distillate as described 
earlier , mixed with TMAH (50 pi) and injected into the system described 
above, using the same operating conditions. Peak heights were compared 
to those obtained from a reference standard mixture of the same acids 
and recovery of each acid was calculated from these results.
ii) At 115°G •
The recovery experiment was repeated with the same range of acids 
under the same conditions, except that the distillation temperature was 
raised to 115°C.
The Reaction between Free Carboxylic Acids and Glycerol
Octanoic acid (50 pi) was vacuum steam distilled from glycerol
(I50g) using the conditions described above. The distillate and glycerol.
were titrated against sodium hydroxide solution (0.01N) at ?0°C,
phenolphthalein being used as indicator. A standard solution of octanoic
acid (50 pi) in ethanol was also titrated in the same way.
The Generation of Free Carboxylic Acids from Butter during Vacuum Steam
Distillation
Fresh butter (60g) was macerated with glycerol (l50g) with a 
Silverson mixer and vacuum steam distilled, using the conditions described 
above. The distillate, glycerol and sample of the same butter (60g) 
were titrated against sodium hydroxide (0.01N) at 70°C, phenolphthalein 
being used as indicator.
The Quantification of Free Carboxylic Acids in Premix? Toffee and
Toffee Blank Samples
Samples of HPKO and butter premix, toffee and toffee blanks were 
vacuum steam distilled at 115°C for 60 mins with de-aerated water (7*5 ml), 
under a vacuum of 5 mm mercury. Nonanoic acid (0.5 pi) was added (as an 
internal standard) to all samples before distillation commenced. 
Confectioners glucose was omitted from both premix samples to prevent 
browning during distillation and the recipe for premix samples was as 
described on page 1^3* The acids were isolated as described earlier 
and mixed with TMAH (25 pi). All samples were injected into the GC-MS 
system, incorporating the SCOT 0V-17 column (50* x 0.01"). The injection 
port temperature was maintained at 350°C to ensure esterification and 
the column oven was programmed from 50 - 220°C at 10°/min. Low
resolution mass spectra were taken of all major peaks in the chromat­
ograms of each extract. Quantities of each acid present were calculated 
from the measurement of peak heights in the chromatograms of each extract 
injections being made on a Perkin-Elmer F-11 Gas Chromatograph (not 
linked to the mass spectrometer), fitted with a stainless steel column 
(61 x g") packed with OV-17 on Chromosorb If (80 - 100 mesh, AW-DMCS). 
The injection port was maintained at 350°C and the column oven was 
programmed from 50 - 250°C at 10°/min. Response factors for each 
individual acid were not calculated but all peak heights were related 
to that of the nonanoic acid internal standard, the amount present of 
this acid being known.
Lower acids (C2 - C4) were analysed as free acids and peak heights 
were related to the peak height of the internal standard hexan-l-ol.
All samples were analysed on a Perkin-Elmer F-ll Gas Chromatograph, 
with a flame ionisation detector, fitted with a Teflon column (6' x g*') 
containing Porapak Q. The column oven was programmed from 100 - 150°C 
at 10°/min. The identities of all acids were checked by GC-MS before 
quantification on a separate GLC.
The Analysis of Premix and Toffee for Carbonyls
i) Extraction using Girard-T Reagent
Butter premix and toffee samples were analysed for carbonyl com­
pounds by the method of Stanley et al (19&1). Carbonyls were converted 
to their water-soluble Girard-T derivatives, washed with hexane to remove 
fat and non-carbonyl compounds, and converted back to free carbonyls with 
formaldehyde. All determinations were made on the fat which had been 
extracted from premix and toffee samples in the following way.
Samples of premix and toffee (lOOg) were ground under liquid nitrogen 
and dissolved in distilled water (60°C, 200 ml). The solution was
allowed to cool and ethanol (25 ml) was added. The fat was extracted 
with a diethyl ether/petroleum spirit mixture (l : 1, 4 x 50 ml), the 
ether layers washed with water, dried over anhydrous sodium sulphate
O -
and removed in a rotary evaporator at 30 C* The fat thus obtained was 
dissolved in isopropanol (200 ml) and subjected to the Girard-T 
extraction procedure as described above. Extracts from butter premix 
and toffee were injected into the GC-MS system which incorporated a
■j
Teflon column (61 x gM) packed with 10$ UC0N on Chromosorb ¥. The 
column oven was programmed from 50 - 200°C at 5°/min and low resolution 
mass spectra were taken of all major peaks in the chromatograms obtained,
ii) Extraction as Phenylhydrazone Derivatives
The method used was essentially that of Korolsczuk et al (197*0 • 
Toffee (5g) was dissolved in'warm water (30 ml) and phenylhydrazine 
hydrochloride (?.2g) in sodium orthophosphate solution (^.2g in 100 ml 
water) was added. The solution was shaken vigorously for 30 minutes 
and the phenylhydrazone derivatives were extracted with diethyl ether.
The ether extract was concentrated to small volume and injections (l pi) 
of this extract were made into a Perkin-Elmer F-ll Gas Chromatograph
i(flame ionisation detector) fitted with a stainless steel column (6* x g”) 
packed with 3^ SE-30 on Chromosorb W.
Concentration Step for Carbonyls
Butter toffee solution (lOOg in 250 ml water) was extracted with 
ethyl acetate in a Likens-Nickerson apparatus. Phenylhydrazone derivatives 
of the extract were made as described above and injections were made into 
the same GLC system as above. GC-MS was also carried out (using the 
same column) and low resolution mass spectra were taken of all major 
peaks. A mass spectrum was also taken of a pure sample of isobutyral- 
dehyde phenylhydrazone to enable comparisons to be made with unknown 
spectra. The mass spectrometer was also used, at a resolution of
10,000, to accurately determine the mass of one common ion in the 
mixture (m/e 9*0 •
Purification of Extracts by Column Chromatography
Attempts were made to purify the phenylhydrazone extracts from 
butter toffee by column chromatography with silica, magnesia and 
alumina.
Silica
The extract was run on to a column of silica and attempts were
made to elute components of the mixture with hexane, diethyl ether,
chloroform and methanol. .
Magnesia
The extract was run on to a column of magnesia/celite 5*^ 5 (5g * 5g) 
and attempts were made to elute components with hexane, diethyl ether, 
chloroform, methanol and nitromethane. A sample from each cut was 
analysed by gas chromatography.
Alumina
Attempts were made to purify the phenylhydrazone extract on neutral, 
basic and acidic alumina using the same series of solvents as above. A
sample from each cut was analysed by gas chromatography* Acidic alumina
of different adsorptive power was prepared by shaking activated neutral 
alumina (lOg) with a series of aqueous acetic acid solutions (l ml) of 
different strengths, containing 10, 20, 50, 90 and 100^ of glacial 
acetic acid respectively.
iii) Extraction as 2,*Hdinitrophenylhydrazone Derivatives
Solutions of premix (60 g) and toffee (k8 g) in glycerol (150 g) 
were vacuum steam distilled under the conditions described earlier.
The distillate was collected in a solution of 2,*J~dinitrophenylhydrazine 
(1 g) in ethanol (100 ml) containing concentrated hydrochloric acid (l ml)
and, after distillation, the DNPH solution was refluxed for one hour*
The ethanol was evaporated and the.residue was dissolved in chloroform. 
Excess reagent was removed by chromatography on a column of Celite/ 
Bentonite (li^)? and-DNPH derivatives were eluted with chloroform/ 
ethanol (lsl). Analyses of the extracts were carried out by two methods 
as described below.
a) By GLC of Regenerated Carbonyls
The free carbonyls were regenerated from the DNPH derivatives by 
reaction with a-ketoglutaric acid as described by Halvarson (1971) and 
passed into an F-ll gas chromatograph fitted with a stainless steel 
column (6* x g") packed with 15/? Carbowax 20M on Chromosorb W. The 
column oven was programmed from 50 - 220°C at 10°/min. GG-MS was 
carried out on each extract using the same column and operating con­
ditions (except that the carrier gas was Helium).
b) By GLC of DNPH Derivatives
Aliquots (i pi) of concentrated solutions of the extracts were 
injected into a Perkin-Elmer F-17 gas chromatograph incorporating a 
glass column (6* x {") packed with 1$ 0V-3 on Chromosorb G-HP, as 
described .by Pias and Gasco (1975)* Components of the mixture were 
detected by a specific nitrogen detector (Perkin-Elmer Ltd., Beaconsfield) 
employing a heated rubidium silicate bead. Column oven temperatures 
used varied between 150° and 300°C and were isothermal since no temp­
erature programming facility was available on the F-17 GLC.
RESULTS
Comparison of HPKO and Butter Toffee Flavours
The results of general taste tests are shown below.
No. of 
tasters
6
5 
3
2
1
0
HPKO Toffee
Mean Score = 2.8
2 3 5 3 5 7 8 9 10 Score
No. of 
tasters
6
5
h
.3
2
1
0
Butter Toffee
Mean Score = 6.^
9 10 Score
P = 0.01 Statistically significant difference.
Butter Toffee Flavour
The results of special taste tests are shown "below.
Table A.l
Sample
Butter Toffee Flavour
P*
Yes1
i
No Slight1
Butter toffee 10 1 —
Butter sorbitol blank 3 8 - 0.002
Butter flour blank 1 10 - 0.002
"Echo” toffee 5 5 - 0.012
"Blue Band’1 toffee 1 9 - 0,002
l) No. of tasters giving this answer
* Probability of this result arising by chance (P^ 0.05 is statis­
tically significant)
The Effect of the Addition of Butter Compounds on Toffee Flavour 
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i) Rancid Butter
The results of peroxide value and free fatty acid determinations 
are shown in the table below. -
Peroxide Value Free Fatty Acid Value
(millim;oles/Kg) (as oleic)
Fresh Butter 0.6 0.61$
Rancid Butter 6.9 0.63$
No* of 
Tasters
The results of general taste tests are shown below* 
Fresh Butter Toffee
11
10
9
8
7
6
5
k
3
2
1
0
Mean Score = 2*5
10 Score
No. of 
Tasters
10
9
8
Rancid Butter Toffee
Mean Score = 6.0
0 1 2 3 5 5 6 7 8 ~  10 Score
P = 0.05 Statistically significant difference.
ii) Butyric Acid
The results of general taste tests are shown below*
No* of 
Tasters
6
5
4
3 
2 
1 
0
No. of 
Tasters
5
4
3
2
1
0
0
Fresh Butter Toffee
Mean Score = 4*0
2 3  4 5 6 7 8“ 9 10 Score
Fresh Butter Toffee + Butyric Acid
Mean Score = 4*5
2 3 W. 5 6 7 8 9 10 Score
Butyric Acid Analysis of Toffee
Premix spiked with 0.1$ butyric acid (wt/wt of butter, see 
Experimental) was found to contain 0*01$ of the acid (wt/wt butter) 
after caramelisation.
Recovery Experiment for Butyric Acid
80$ of added butyric acid added at the end of the boil was recovered 
from a toffee made with HPKO fat*
Toffee Containing Butyric Acid added “before and after Caramelisation
The results of general taste tests are shown below.
No. of 
Tasters
6
5
4
3
2
1
0
0.1$ Butyric Acid added before Caramelisation
0
Mean Score = 6.0
3 5 5 5 7 8 9 10 Score
No. of
Tasters 0.01$ butyric acid added at the end of Caramelisation 
6 '
Mean Score = 3*0
0 1 2  3 % 5 o 7
P 0.05 No significant difference.
9 10 Score
iii) Butter Flavour Concentrate (commercial)
The unspiked batch of HPKO sorbitol blank toffee remained very 
pale throughout the heating process whereas both spiked batches browned 
slightly. The unspiked batch tasted strongly of condensed milk but the 
batch spiked with butter flavour concentrate (100 mg) had no taste of 
condensed milk. A slight flavour was apparent but it was not possible 
to define it. The batch spiked with butter flavour concentrate (200 mg) 
tasted predominantly of the butter flavouring.
The Effect of Removal of Butter Compounds on Toffee Flavour 
Deodorised Butter Toffee
Results of general and special taste tests are shown 'below.
No. of 
Tasters
7
6
5
4
3
2
1
0
RPKO Toffee
Mean Score = 2.6
I T 10 Score
No. of 
Tasters
5
4
3
2
1
0
Deodorised Butter Toffee
Mean Score = 3®2
Special Taste Test
3 4 5
Table 4.2
9 10 Score
Sample
Butter Toffee Flavour
P*
Yes1 No1 Slight1
Deodorised butter 
toffee 5 2 0.045
l) No., of tasters giving this answer.
* Probability of this result arising by chance.
Partial Replacement of Butter Flavour Compounds
The results of special taste tests carried out on toffee made 
with carboxylic acids, 5-lactones, methyl ketones and diacetyl are 
shown "below#
Table A.3
Sample
Butter Toffee Flavour
P*
Yes1 No1 Slight1
Deodorised butter + 
v) Free carboxylic
>acids 6 2 2 0.05
vi) 6-lactones 7 3 - > 0.0 5
vii) Methylketones 5 2 3 > 0.05
viii) Diacetyl 5 1 k >
O•O
ix) All additives
(v - viii) 7 1 3 > 0.05
l) No. of tasters giving this answer.
* Probability of this result arising by chance#
ix) Deodorised Butter and butter distillate
General Taste Tests
No • of
Tasters Deodorised Butter Toffee -
Butter Distillate added before Caramelisation
5
h
3
Mean Score =
2
1
0
10 Score
No. of 
Tasters
Deodorised Butter Toffee -
Butter Distillate added after Caramelisation
Mean Score = 3*7
2 ~3 5 5 6 7 § 9 10 Score
P >  0.1 No significant difference.
No. of 
Tasters
8
7
.6
5
k
' 3
2 
1 
0
HPKO Toffee -
Butter Distillate added Before Caramelisation
Mean Score =2.5
5 6 10 Score
Special Taste Tests
Table fr.fr
Sample
Butter Toffee Flavour
p#
Yes1 No1 Slight1
Deodorised butter 
toffee. Distillate 
added before cooking
7 2 1 >  0.05
Deodorised butter 
toffee. Distillate 
added after cooking
2 k k 0.035
HPKO toffee. 
Distillate added 
before cooking
- 6 3 0.002
l) No. of tasters giving this score
* Probability of this result arising by chance (P ^  0.05 statistically
significant).
The Hole of Free Carboxylic Acids in Toffee Fla\rour Formation
Vacuum Steam Distillation of Butter Premix and Toffee
Few major peaks due to acids were seen in chromatograms of premix 
and toffee extracts (see fig. 12 ). Peak 1 in the toffee extract has 
been identified as 3-rcethylcyclopentanone by comparison of mass spectral 
data and GLC retention times. Peak 3 in the toffee extract and peak PI 
in the premix extract show identical mass spectra.
Table Zj. 5
Peak No. Ions In spectrum. Relative abundances (to base peak) in brackets Identification
1
3f PI
4-1(62) 42(100) 55(98) 56(82) 69(100)
98*(50)
41(72) 42(82) 55(100) 56(66) 69(97)
98*(42)
45(14) 73(100) 147(12)
Extract
3-methylcyclo-
pentanone
* Molecular ion
PREMIX TOFFEE
1//if m.. h
J
Fig.12. Chromatograms of vacuum steam d is t i l la te s  o f  p rem ix  
and toffee.  •
The Effect of 3-methylcyclopentanone on the Development of Toffeo Fla/vour 
The results of general taste tests on toffee made Kith 3-,rcethyl- 
cyclopentanone are shown below*
No* of 
Tasters
6
5
4
3 
2 
1 
0
No* of 
Tasters
6
5
4
3
2
1
0
0
HPKO Toffee
Mean Score = 2.6
10 Score
HPKO Toffee + 3-raethylcyclopentanone
Mean Score = 3*0
7 10 Score2 3 ^ 5 6
P >  0.1 No significant difference 
Vacuum Steam Distillation of HPKO Premix and Toffee
Toluene was identified in all extracts (acid and non-acid) of HPKO 
premix and toffee. Acetic acid was identified in the acid extract from 
HPKO toffee. There were no other major peaks in any extract. No peaks 
were seen in a similar distillate from confectioners glucose.
Formation of Benzyl Esters
A chromatogram of a mixture of benzyl esters of free acids is shown
in fig. 13 . A chromatogram of a mixture of free acids is also included
1as a comparison. This mixture was analysed on a stainless steel (6* x •g” 
column packed with FFAP on AW-DMCS Chromosorb W. The column oven was 
programmed from 50 ~ 200°C at 10°C/min.
The Isolation of Carboxylic Acids from Butter Premix and Toffee as their
Benzyl Esters
Acid Extracts
All benzyl esters fragment to give ions at m/e 91 (base peak) and 
m/e 108 and a molecular ion of low relative abundance. Butter premix 
and toffee extracts showed a number of GC peaks corresponding to benzyl 
esters but some peaks gave different mass spectra, with ions at m/_e 74 
and m/e 87, corresponding to methyl esters. Table k.6 shows mass 
spectral data for GC peaks P3> P4 in the premix extract and GC peaks 
Tl, T5 from the toffee extract (for chromatograms see fig. I k  )
Table 4.6
Peak No. Ions in spectrum. Relative abundances (to base peak) in brackets
Identification
P3 43(57) 7l(4l) 91(100) 108(70) 178*(5) 
43(66) 71(46) 91(100) 108(72) 178*(4)
Extract
Benzyl Butyrate
P4 29(47) 41(60) 43(72) 55(55) 74(100) 87(80) 
29(50) 41(65) 43(73) 55(58) 74(100) 87(80)
Extract ■
Methyl Laurate
T1 29(43) 57(46) 91(100) 108(83) 164*(26) 
29(45) 57(45) 91(100) 108(84) 164*(24)
Extract
Benzyl Propionate
T5 41(40) 43(43) 57(41) 74(100) 87(59) 
4l(4o) 43(40) 57(40) 74(100) 87(60)
Extract
Methyl Myristate
* Molecular ion
BENZYL ESTERS
C2
C8
CIO
FATTY A C ID S
C6
C2
C8
Fig.13. Chromatograms o f  fa t ty  acids and ac id  esters.
TOFFEE 12
T1
T3
PREMIX-
Fig.14. Chromatograms o f  benzyl esters o f  f a t t y  acids f rom  
b u t te r  p rem ix  and toffee.
Non-acid Extracts
Diacetone alcohol has "been identified in hutter premix and toffee 
non-acid extracts. In addition, mesityl oxide has teen identified in 
the distillate from butter premix (see Table 4.7). Chromatograms of • 
extracts are shown in fig. 15,
\
Table 4.7
Peak No. Ions in spectrum. Relative abundances (to base peak) in brackets Identification
P2, T1 
PI
it3(100) 58(21) 59(35) 101 (10)
^3(100) 58(19) 59(35) 101' (ll)
29(1*6) 113(90) 55(100) 83(9?) 98*(50) 
29(115) 113(91) 55(100) 83(100) 98*(if8)
Extract
Diacetone Alcohol
Extract 
Mesityl Oxide
* Molecular ion
Formation of Methyl Esters v.
In mixture A the acids were not completely esterified owing to 
the amount of TMAH used. Mixture B acids were completely derivatised, 
as were the acids in mixture C. Hence trhe relative amounts employed 
in mixture B were used in all further experiments.ie acids s TMAH 
(l : 1.5)• A chromatogram of a mixture of methylated acids is shown 
in fig. 16.
Recovery Experiments for Standard Acids
Table 4.8
Recovery #
Acid
At 95°G At 115°G
Butyric 84 81
Hexanoic 101 95
Octanoic 90 95
Nonanoic 68 92
Decanoic 36 63
Dodecanoic 23 40
Hexadecanoic 15 23
Octadecanoic - 11
TOFFEEPREMIX
Fig.15. Chromatograms of non - acid extracts f rom  b u t te r  
premix and toffee.
CIOCI8
C12
C8
C6
Fig.16. Chromatogram of methyl esters of standard fatty acids.
The Reaction between Free Carboxylic Acids and Glycerol
Glycerol titre (0.01|J;NaOH) = 3*2 ml
Distillate titre (O.Ol^NaOH) 18.0 ml
Octanoic acid standard titre as 20.7 ml
total experimental titre = 18.0 + 3*2 = 21.2 ml
Recovery of octanoic acid = 18.0
18,0 + 3.2
as 3 5$
The Generation of Free Carboxylic Acids from Butter during Vacuum
Steam Distillai
Glycerol titre as 34.0 ml
Distillate titre = 38.2 ml
Butter titre = 71.1 ml
total distillation titre = 34.0+38.2
ss 72.2 ml
The Quantification of Free Carboxylic Acids in Premix, Toffee and
Toffee Blank Samples
For HPKO
Methyl esters of all even-numbered saturated fatty acids from C6 
to C18 inclusive were identified by retention times and mass spectral 
data. See fig. 17 for chromatogram.
See Table 4.9 for results.
C12
C6
CM
C18
TOFFEE
C9
C12
C16
C U C8
C10
x C18
—^ J
Fig. 17 Chromatograms of methyl esters o f  fa t t y  acids  
f rom  HPKO premix and toffee.
Table A. 9
Acid Premix Toffee 
(Mad.Hard Reaction)
Toffee Blank 
(No Maillard Reaction)
C2* 102 268 25
C3* - Trace Trace
Cty* 15.5 6.0 5*5
C 6 37 22 25
G8 21 13 25
G10 15 13 Ity
C12 72 53 72
City 30 20 22
016 3ty 33 32
CI81I 15 12 12 .....
* Quantified as free acids. Peak height divided by peak height of 
internal standard (hexan-l-ol). These values bear no relationship 
to those of higher acids.
For Butter
Methyl esters of all even-numbered saturated fatty acids from G6 
to C18 inclusive were identified by retention times and mass spectral 
data. See fig. 18 for chromatogram.
See Table ty.10for results.
C16
C12
C10
CIA
C8
C18
TO FFEE
C16
C9
C12
CIA
C18
Fig.IQ. Chromatograms of methyl esters o f  fa t ty  acids  
f rom  b u t te r  premix and toffee.
Table 4.10
Acid Premix Toffee 
(Maillard Reaction)
Toffee Blank 
(No Maillard Reaction)
C3* - Trace Trace
C 4* 30.9 9.8 11.2
G 6 45 37 54
C8 47 48 51
CIO 68 63 64
G12 93 76 83
C14 58 43 47
Cl6 97 90 90
018:1 22 20 20
* Quantified as free acids. Peak height divided by peak height of 
internal standard (hexan-l-ol). These values bear no relationship 
to those of the higher acids.
The Analysis of Premix and Toffee for Carbonyls
i) Extraction with Girard-T Reagent
The chromatogram of a Girard-T extract from butter toffee is shown
in fig. 19 • Low resolution mass spectrometry yielded the data shown
in Table 4.11.
Table 4.11
Peak No. Ions in spectrum. $ total ion current Identification
2* *3(100) 45(79) 59(34) 73(64) 69(21) 117(39) An acetal
3 Spectrum too weak.
4 43(27) 45(11) 73(33) 89(7) 102(8) 117(9) An acetal
5 43(34) 45(18) 73(33) 89(5) 102(5) 117(5) An acetal
. 6 73(55) 89(13) 102(8) 103(11) 117(13) An acetal
* Figures in brackets represent relative abundance (with respect to 
base peak) since the spectrum was intense and many other peaks were 
present•
Fig.19. Chromatogram o f  a Girard-T ex t rac t  f rom b u t te r  toffee.
ii) Extraction as Phenylhydrazone Derivatives
Chromatograms of the extract from "butter toffee contained no 
major peaks.
\
Concentration Step for Carbonyls
The chromatogram obtained from the derivatised Likens-Nickerson 
extract of butter toffee is shown in fig* 20 • The mass spectra obtained 
from components of the extract could be grouped into three types. Table ^,12 
shows the ions of a typical mass spectrum from each group.
Table k . l Z
Peak Ions in spectrum (m/_e). $ total ion current shovm in
brackets
H (JKLMNP) 
0
Q (R)
43(30) 65(9) 66(10) 77(10) 94*(27) 105(8) 120(6)
43(31) 77(20) 94*(10) 105(9) 154(30)
43(28) 77(22) 91(14) 105(10) 157(10) 158(16)
* High resolution measurements determined the mass to be 9^*0^23 
which corresponds to C^H^O.
The mass spectrum of a pure sample of isobutyraldehyde phenyl hydra-
zone is shown in fig. 21, along with the mass spectrum of peak J as a
comparison to show the dissimilarity between the spectra.
Purification of Extracts by Column Chromatography
Column
GLC response of fraction eluted with
Hexane Methanol Nitromethane
Silica No separation
Magnesia s / X
Alumina
i) Neutral No separation
ii) Basic y X
iii) Acidic
a) 10$ acetic acid y X
b) 20$ " " X
00 X X
and greater
Fig.20. Chromatogram of phenylhydrazones o f  a
Li kens -  Nickerson extract from bu t te r  toffee.
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Mass spectrum of peak J (see page 174)
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Fig.21. Comparison of spectra  o f s tandard  and unknown 
compounds ( pheny lhyd razones).
iii) Extraction as 2,4-dinitrophenylhydrazone Derivatives
a) GLO of Regenerated Gar~bonyls
No major peaks of interest were seen in any ex-tracts from premix 
or toffee*
b) C-LC of DHPH Derivatives
Chromatograms of extracts from butter premix, toffee and toffee 
blank are shown in Fig. 22. GC-MS of extracts was not possible since 
flame ionisation detection is used in this system and it is not poss­
ible to fit a specific nitrogen detector.

DISCUSSION
Butter is incorporated into most good recipes for toffee (see 
page .56) since its effect is to enhance the flavour. Toffee made 
with HPKO fat only is Bland and lacks the "fullness" of flavour 
imparted "by Butter. These oBservations have Been confirmed By general 
taste tests (see page 151)> tasters giving a mean score of 2.8 to HPKO 
toffee and 6 *k to Butter toffee*
The addition of Butter to toffee recipes inevitaBly complicates 
the chemistry of toffee flavour formation since Butter itself is a 
complex mixture of many compounds. It is well known that many of these 
compounds have flavour potential in their own right and it is possible 
that some classes of compounds react with other components of 
the toffee system to produce more flavourful compounds. The major 
constituents of Butter flavour include the following classes of com­
pounds (Forss et al 19&7)* n-alkanals, alk-2-enals, alk-2-ones, n- 
alkanoic acids and y~ and 6-lactones.
There is little information in the literature about the effect of 
Butter on toffee flavour formation. Lees (1973) recommends that Butter 
Be added as late as possible in the toffee manufacturing process in 
order to minimise the loss of volatile flavour compounds. The implication, 
then, is that the Butter flavour compounds take no part in chemical 
reactions in the system But rather add flavour per se. There is evidence, 
however, that Browning reactions do take place Between aldehydes and 
casein (see Chapter III). Pokorny et al (197*0 have studied the inter­
action Between the auto-oxidation products of fish lipids and protein 
and they have found that aldehydes are particularly important in the 
formation of Browning products. The reaction Between 2-furfuraldehyde 
and proteins has also Been studied By Pokorny et al (1973c) and the
results are discussed more fully on page 116.
The work described in the Experimental section of this chapter has 
been aimed at clarifying the role of butter compounds in toffee flavour 
formation. It was important that, at the outset, butter toffee flavour 
should be defined and this was done by submitting standard butter toffee, 
butter sorbitol blank toffee and butter flour blank toffee samples (see 
page 36 for recipes) to the special taste panel for evaluation. The 
results, shown in Table 4.1, indicate that the standard butter toffee 
made at the Food Research Association conforms to tasters* opinion of 
how the confection should taste. As expected, the flour blank did not 
develop toffee flavour and the panel judged toffee flavour to be absent. 
The results of the butter sorbitol blank showed that there was a statis­
tically significant difference between this sample and butter toffee. 
Three judges found that the sample had butter toffee flavour, although 
confectioners glucose was omitted from the premix. The condensed milk 
present contained lactose, however, and the slight development of 
flavour might have been caused by lactose-casein interactions. It is 
well known that lactose can enter into a Maillard reaction with casein 
to produce characteristic pigments and flavours (Coulter et al 1951)*
It is also possible that there is interaction between butter flavour 
compounds and casein.
The results of toffee made with commercial brands of margarine 
indicate that "Echo" produces a more realistic butter toffee flavour 
than "Blue Band". Although unconfirmed, it is suspected that "Echo" 
contains diacetyl, added to produce a buttery flavour in the margarine, 
and that this additive produced a similar buttery note in the toffee 
which masked other foreign flavours present, due to the margarine.
(The results of toffee made with added diacetyl are discussed later on).
The Effect of the Addition of Butter Compounds on Toffee Flavour
i) Rancid Butter
The results of taste tests on toffee made with rancid butter (see 
page 153) indicate that there is considerable enhancement of the toffee 
flavour. It is likely that some modification of the rancid butter 
flavour compounds had occurred, since, although the rancid butter itself 
tasted unpleasant, no rancid notes were detected in the toffee produced 
from it.
Off flavours in stored butter can arise either by hydrolysis of the 
triglyceride fraction (to produce free fatty acids) or by oxidation of 
unsaturated free acids present (mainly oleic, linoleic and linolenic acids) 
to produce a variety of compounds. Oxidative rancidity causes large 
increases in the amount of carbonyls present, especially in n~alkanals 
and alk-2-enals, as determined by Day and Lillard (i960). Tamsma (1955) > 
in addition, found unsaturated unconjugated carbonyls and conjugated diene 
carbonyls in oxidised milk fat. It has been established that carbonyl 
compounds such as alk-2-enals and alk-dienals are responsible, amongst 
others, for the oxidised flavour of milk fat (Kinsella et al 1967)#
Peroxide and free fatty acid values have been determined for fresh 
butter and the butter used in making rancid butter toffee. The results 
(see page 152 ) show that whilst the free fatty acid values stayed 
relatively similar, the peroxide value increased tenfold in the rancid 
butter sample compared to fresh butter. These results confirm that 
rancidity in the stored butter was due to oxidation rather than lipolysis 
since no free fatty acids were formed on storage and peroxides are known 
intermediates in the formation of carbonyls by oxidation (Lea and 
Hobson-Frohock 19&5)»
It is possible, therefore, that the enhanced flavour of toffee 
made with rancid butter is due to interactions between the carbonyls 
generated and other components in the system (probably casein). This 
is underlined by the observation that the oxidised flavour of the 
rancid butter disappears during caramelisation. (The role of free fatty 
acids in toffee flavour formation is discussed in detail later on in 
this section)•
ii) Butyric Acid
The results of taste tests on toffee made with butyric acid are 
shown on page 154. The relatively high level of acid added to the 
premix (corresponding to 1000 ppm of the butter) made little difference 
to the flavour of the toffee, a result which is surprising in view of 
the work done by Urbach et al (1972) on flavour thresholds of butter 
compounds. They found that butyric acid added to butter at a level of 
100 ppm produced "old bacon, Limburger, rancid" flavour. It is possible 
that the butyric acid concentration is reduced in toffee, either by 
evaporation during boiling, or by reaction in the system. The results of 
the butyric acid analysis of toffee spiked with 1000 ppm acid (see 
page 154) show that a loss of 90?° of added acid had occurred, but it 
is not possible to say if the loss was due to evaporation or reaction.
Toffee was therefore made with, in one batch, 1000 ppm of butyric 
acid added at the premix stage and, in the other, 100 ppm added just 
before cooking was terminated. The results (page 155) show that there 
was no significant difference between the flavour of the two batches, 
although the probability of the mean scores being 3°0 and 6.0 was almost 
below the significant limit. It is questionable, then, whether butyric 
acid added before cooking exerts any positive influence on flavour.
iii) Butter Flavour Concentrate (commercial)
Since both batches spiked with butter flavour concentrate browned 
more than the unspiked batch (see page 155) it would appear that some 
interaction occurred. More significant, perhaps, is the fact that the 
condensed milk flavour disappeared in both spiked batches. In the batch 
spiked with 100 mg concentrate, no butter flavour was apparent but there 
was some condensed milk, non-butter flavour, indicating, perhaps, the 
development of new flavour compounds through reaction. The second batch 
(200 mg concentrate) did not produce more flavour, but rather the extra 
butter flavour masked all other tastes.
The Effect of Removal of Butter Compounds on Toffee Flavour
The deodorisation of butteroil may be carried out for two purposes 
and the conditions and methods used are dependent upon the aim of the 
work. If a tasteless butteroil medium is required, it is necessary to 
remove as much of the flavour material as possible and this is generally 
effected by the use of high temperature and vacuum. If analytical work 
is to be carried out on the distilled flavour components, however, the 
temperatures employed are, in general, lower in order to keep heat- 
induced compounds to a minimum. A higher vacuum is usually employed to 
improve the efficiency of distillation at lower temperatures. (A review 
of conditions used for vacuum distillation is given in the Introduction)•
The actual conditions employed for the work discussed here were 
a temperature of 150°C, a pressure of 2 - 3 torr,' and the addition of 15 ml 
water over a period of 3 hours (see page 13&). Although these conditions 
are milder than those described above, essentially flavour-free butteroil 
was produced in the apparatus. The butteroil had a very slight nutty taste, 
possibly due to residual higher 8-lactones, but it was thought unlikely 
that the trace compounds left would have any effect on toffee flavour.
Deodorised Butter Toffee
The results of the general taste tests on deodorised butter toffee 
(see page 156) indicated that the sample developed less flavour than 
a batch of standard butter toffee« Similarly, the results of the 
special taste tests, in which four people judged butter toffee flavour 
to be absent, indicated a lack of flavour development.
It is certain, then, on the basis of these results alone, that 
butter flavour compounds play a part in the development of toffee 
flavour, although the mechanism of such involvement is not clear. It 
would appear, also, that the butterfat itself is important tp the 
flavour of butter toffee since, even with the majority of flavour com­
pounds removed five tasters still rated the sample as having butter 
toffee flavour.
The Partial Replacement of Butter Flavour Compounds
The results of the partial replacement of groups of butter flavour 
compounds are summarised in Table 4.3* All additives (v - viii) exerted 
a positive effect on butter toffee flavour, as can be seen by comparison 
of Tables 4.3 and 4.2 (deodorised butter toffee). No single additive (or 
group of additives) wholly replaced the butter flavour removed, however 
5-lactones produced the best positive flavour rating (7) whilst diacetyl 
produced the least number of negative responses (l). The latter result 
supports the theory for the difference in flavour ratings of "Echo11 and 
"Blue Band" margarine toffees (see earlier). Y/hen a mixture of additives - 
(v) - (viii) were added, the toffee flavour produced was rated to be 
almost as strong as butter toffee.
The methyl ketone precursors added to the premix (see page 141) are 
in an early stage of commercial development. Accordingly, the manufacturers, 
Grindsted Products Ltd., have asked that the precursors' structures should
not be divulged. It is possible to report that they are (3-ketoglycerides
of the general structure CHo0C0 - and that when influenced by
1 2
GHOH
(
CH 0C0CHoC0R 
2 2
water and heat ( >  80°C), they decompose into monoglycerides, carbon 
dioxide and corresponding methyl ketones. Although it was possible to 
add methyl ketones to the premix, the inclusion of precursors minimised 
the loss of additives due to evaporation.
Much work has been carried out on the quantitative determination of 
flavour compounds in butter, isolation and identifications being made 
in differing ways. Results obtained vary greatly - due partly to the 
method of determination and to the difference in butter samples analysed.
Thus the concentrations of free fatty acids vary widely as determined 
by different workers. Some values for butyric and hexanoic acids are 
shown below.
Free Acid
Concentration in fresh butter (ppm)
Siek et al (1969) Stark et al (1970) Stark et al (1973)
Butyric 9.4 0.49 0.07
Hexanoic 6.2 1.4 0.75
Similarly, the levels of lactones determined in butter vary, depend­
ing upon the method of determination, and also upon the type of rations 
fed to the cow (Stark and Urbach 197*0 * an(l the breed of cow (Dimick 
and Hamer 1968). Variations in lactone content of milk fat are summarised 
by Siek et al (1971)> the concentration of, for example,8-dodecalactone 
varying between 5»0 an(i 35»0 ppm«
Methyl ketone concentrations in butter have been determined by 
Kinsella et al (196?) and different samples of butter contained between 
69 and 220 ppm of total methyl ketones. The concentrations of individual 
methyl ketones, as determined by various workers, also show diversity, 
as summarised below for 2 methyl ketones commonly found in butter.
Concentration in fresh butter (ppm)
Methyl ketone
Boldingh, Taylor 
(1962)
Kinsella et al
(1967)
Lawrence
(1963)
Methyl pentyl 12 8 - 3 8 25
Methyl undecyl 22 1 ^ - 4 4 2k
Methyl ketone concentrations also vary with the lactional state and 
the breed of cow, as reported by Dimick and Walker (1968).
Siek et al (1969) reported the concentration of diacetyl in butter 
to be 0.02 - 0.1 ppm whilst Winter et al (1963) found the level to be 
4.5 ppm, indicating again that there is no constant level of this 
flavour compound in butter.
Such variation in the levels of butter flavour compounds makes the 
reproduction of butter flavour a difficult problem. In a similar manner, 
the partial replacement of butter flavour is also difficult and, in 
the work described earlier in this chapter, the choice of replacement 
levels for various compounds was arbitrary. All amounts added, were 
however, in the order of the actual concentrations found in butter, 
ix) Deodorised Butter and Butter Flavour Distillate
The results of general and special taste tests on deodorised butter 
toffees made with a butter flavour compound distillate are shown on 
page 157* General taste test results indicate that toffee flavour was 
enhanced when the butter flavour distillate was added before caramelisation
(although there was no statistically significant difference), the mean 
score being 5*2 compared to a score of 3*7 when the distillate was added 
after caramelisation. Results for special taste tests of toffee made 
with the distillate added after caramelisation were significantly 
different from those for normal butter.toffee, showing the lack of 
flavour development in the former batch. Statistical analysis showed 
that the flavour of toffee made with the distillate added before 
caramelisation was similar to that of a normal butter toffee.
On the basis of these results, then, it would appear that ’’butter 
toffee” flavour is a composite of the flavour of butter compounds with 
the toffee system. Butter contains the following classes of compounds* 
aldehydes (saturated and unsaturated), methyl ketones, carboxylic acids 
and lactones. Experimental evidence suggests that the role of acids is 
unclear but that the aldehydes and ketones are precursors for new 
flavours. Reactions of saturated aldehydes with casein have been 
discussed in the previous chapter since these compounds also arise 
from the Strecker degradation (see Introduction). Unsaturated aldehydes 
are more reactive than saturated ones owing to delocalisation of the 
charge from the polarised carbonyl bond (as shown below) and some poss­
ible reactions between unsaturated aldehydes and casein are shown below.
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Thus a number of Schiff's bases are formed (X, XX > III. IV) which 
are intermediates in the formation of more stable compounds such as 
amino aldehydes (X)> saturated aldehydes (j£l) and the heterocyclic 
compounds pyrimidines ( VII) and substituted pyridines (VIII). Some of 
these compounds might react with each other or themselves (amino aldehydes 
might cyclise) and eventually produce polymeric compounds. Conjugated 
compounds (eg III) are likely to absorb in the visible region of the 
spectrum and be coloured. It should be noted that more reactions are 
possible, arising from further reaction between the original aldehyde- 
lysine adduct and another molecule of aldehyde.
These conclusions have been drawn from experimental data involving 
the use of deodorised butter and butter flavour distillates and a number 
of qualifying points should be noted.
Firstly, it is known that the distillation technique employed does 
not remove all butter flavour compounds (see earlier), but that some 
higher-boiling acids and lactones remain in the butteroil. It is poss­
ible that these compounds may interact with the toffee system although 
since only small quantities remain, the effect would be slight. Secondly, 
the conditions employed for the deodorisation of the butteroil are 
conducive to the generation of heat-induced compounds. Lawrence (19&3) 
investigated the generation' of methyl ketones during vacuum steam
distillation and found that acetone, pentan-2-one and heptan-2-one 
were formed as artifacts during distillation at 100°C. Boldingh and 
Taylor (1962) found that, on heating butter at 140°C, the levels of 
5-lactones present doubled. Ramshaw (197^) ascribes the flavour of 
"heated” or cooked butter to the methyl ketones and lactones produced 
by such treatment. It is probable, then, that the butter distillate 
added at different stages to the deodorised butter toffee represented a . 
cooked butter flavour rather than a normal butter flavour. Some tasters 
noted a slight foreign, often described as "chemical", flavour in these 
samples and it is therefore probable that the distillation technique 
was responsible for this.
Thirdly, the addition of a small quantity of volatile compounds to 
a system at about 120°C is likely to cause appreciable loss of volatiles 
by flash evaporation. It is possible to reduce this effect by adding the 
flavour compounds dispersed in a suitable medium, and confectioners 
glucose (5g) was used for this purpose.
The problems mentioned earlier (points 1 and 2) might be obviated 
by the use of low temperature molecular distillation but it was felt 
that the results obtained using the technique described were sufficiently 
conclusive not to warrant the application of a more sophisticated 
distillation procedure.
The results obtained for the addition of butter flavour distillate 
to HPKO toffee before caramelisation are shown on page 159• The special 
taste test results indicate a slight development of butter flavour (three 
"slights") but it is not possible to conclude whether this is due to 
interaction with the system or the effect of the added flavour compounds 
per se. It.would appear from these results that butterfat is important 
in the development of good toffee flavour but the role it plays in 
flavour formation has yet to be determined.
The Role of Free Carboxylic Acids in Toffee Flavour Formation
The final method for free fatty acid determinations, and the 
development of the method used, is shown on pages 142 - 147 •
Early vacuum steam distillation experiments were carried out at 
95°C, a temperature at which the rate of browning is relatively slow, 
but free fatty acid recovery experiments indicated that, at this temp­
erature, the efficiency of extraction of higher acids (CIO and above) 
was low. Later experiments were therefore carried out at a higher 
arbitrary temperature (H5°C), thus increasing the efficiency of 
extraction of higher acids (see Table 4.8). At this temperature further 
browning of toffee samples occurred during distillation, an effect 
likely to accentuate any measured changes due to caramelisation.
The use of glycerol as a solvent for premix and toffee samples 
was influenced by the need to choose an inert, involatile solvent, 
capable of dissolving large amounts of sample (60g). Since glycerol is 
an alcohol, however, the possibility of ester formation with the free 
fatty acids under investigation could not be ruled out and an experiment 
was performed to determine the extent of reaction (see page 146 ). The 
results (see page 168 ) indicate that no esterification takes place 
under the conditions employed, otherwise a drop in (glycerol + distillate) 
titre compared to the standard acid titre would be found.
Analysis of the distillates from butter premix and toffee (see 
pages 144 and 159) showed the lack of major components in the mixture.
The many minor peaks apparent in both premix and toffee extract chromat­
ograms could not be analysed by GC-MS since the mass spectra produced 
were too weak for evaluation. 3“Hethylcyclopentanone was identified in 
the toffee extract only and an experiment was carried out to determine 
the effect of this compound on toffee flavour. Results (see page l6l)
indicated that it had little effect on the development of toffee 
flavour and no more work was done with the compound. It is possible 
that the compound is an artifact but the mechanism of formation of 
such a compound is not clear. Johnson et al (19&9) identified 3~ 
methylcyclopentanone in a strongly acidic heated mixture of glucose 
and sodium chloride, but such conditions are far removed from those 
found in the toffee-making process.
Peaks 3 and PI were not identified but their mass spectra were 
identical. The base peak (m/e 73) could possibly correspond to a 
fragment with a dioxalane type structure.
Saxby and King (1975) analysed the volatiles from a heated glucose- 
valine-epicatechin model system and found that two components of the 
volatiles mixture produced similar mass spectra to the one reported 
here. They tentatively identified one compound as 1,2-dihydroxypropyl- 
dioxalane. Glover (1973) identified a ketal in an extract from a 
browned glucose-glycine mixture and suggested that it might be 1,2- 
dihydroxypropyldioxalane.
Vacuum steam distillates of HPKO premix and- toffee (see pages 1^3
tification of unknown compounds. The occurrence of toluene in all extracts 
might be due to impurities present in the solvents used for extraction, 
although Glover (1973) identified toluene in caramel and Schmeltz (1970) 
identified toluene in heated casein systems. Acetic acid, identified in 
toffee but not premix, is a known product of the Maillard reaction,
Ferretti et al (1970) having identified it in heated lactose casein model
+
^O-CH,
gh | r  
V °-CH2
l/e 73
1,2-dihydroxypropyldioxalane
and 161) were divided into acid and non-acid extracts to facilifte iden-
systems. It has also been found In heated glucose (Walter and Fagerson 
1968) and heated sucrose (Shaw et al 1969)*
The Formation of Benzyl Esters"" - - - - ■ ■ - . 1 ' \
The analysis of carboxylic acids as free acids by GLG is a difficult 
procedure which can only be used for the relatively volatile acids (see 
Introduction). The acids isolated from premix and toffee were therefore 
analysed as their benzyl esters as described earlier, esterification 
being effected by benzyltrimethylammonium methoxide in methanol in the 
following manner.
GH«
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Ph-CHg-N -CH^ + 00
ch3
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R-COOH + OCJV— -> RGOO ~ + CHo0H
j  j
CH
0 +\ J /0
R-G'T + Ph-GHp-N-CI-L -- *>■ R-Cx + (CHjN
N 0 \ X 0-CPL-Ph J
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Benzyl ester
Butter premix and toffee was analysed for free fatty acids as their 
benzyl esters (see pages and 162) and for non-acid compounds in
the non-acid extract. GC-MS of the benzylated acid extracts of premix 
and toffee distillates revealed that some interesterification had taken 
place, since a number of methyl esters were identified. It is probable, 
that under certain conditions, the methoxide ion in the reagent can 
react with free fatty acids to produce methyl esters as shown on the 
next page.
CH,
Ph-CHp-N-CH,, 
* I  *  
CH„
OGH
The benzylation method was therefore considered unsatisfactory for quant' 
itative analysis and the methylation technique was used instead.
Non-acid extracts of "both premix and toffee contained diacetone 
alcohol, whilst mesityl oxide was found only in the premix extract. It 
is likely that these compounds are artifacts, arising from the self­
condensation of acetone in the presence of strong alkali, a reaction 
which is likely to take place during the separation of the distillates 
into acid and non-acid fractions.
The Formation of Methyl Esters
Methyl esters of acids are more volatile than benzyl esters and 
the lower acids (C2 - 6b) are too volatile to be separated from the 
solvent peak by gas chromatography. The esters of higher acids (C lb - 
G18), however, are easily detectable by gas chromatography and are 
eluted more rapidly than the corresponding benzyl esters. GC-MS of 
distillates from premix and toffee showed that all major components were 
methyl esters and the technique was considered to be suitable for free 
fatty acid analysis. The reagent, tetramethylammonium hydroxide (TMAH) 
reacts with acids in the following manner.
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In this case, side reactions with the solvent (methanol) will also 
produce methyl esters in the following manner.
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Chromatograms of acid fractions from HPKO and "butter premix and 
toffee (see figs. 17 and 18 ) show that the fatty acids C6 - C18 
inclusive are present. Minor peaks eluted between the major, components 
of each mixture are probably due to odd-numbered fatty acids, which are 
known to be present in butter in minor quantities. The peak, corresponding 
to C18 fatty acid is likely to be the mono-unsaturated, oleic acid (Cl8:l), 
this being the major component of the C18 acid fraction (Parodi 197^) • 
Although stearic (Cl8:0) and linoleijiic (C18s2) acids are known to beV/
present in low concentrations as well, the poor recovery of these 
involatile acids precludes detection.
It was thought possible that under the conditions used for 
isolation of free fatty acids, some hydrolysis of the glycerides in 
butter might occur, thus releasing free fatty acids as artifacts. An
experiment was carried out to determine the extent of this hydrolysis 
(see pages 1^6 and 168 ) and results indicated that the total distil­
lation titre for free fatty acids (ie glycerol and distillate) was very 
similar to the titre for free fatty acids in the same weight of undis­
tilled butter. Hence it can be concluded that no generation of free 
fatty acids occurs during vacuum steam distillation of premix and toffee.
The results for the free acid analysis of HPKO and butter premix and 
toffee are shown in Tables 4.9 and 4.10. No attempt was made to express 
values as mg/g butter (or sample) since this would have entailed 
calculating response factors for each ester and taking into account 
recoveries of acids. Results have therefore been expressed in terms of 
peak height relative to an internal standard since, on this basis, com­
parisons between premix and toffee may be made.
Determinations were carried out on HPKO and butter toffee blanks 
so that any losses of acids due to evaporation might be accounted for.
In Tables 4.9 and 4.10 a comparison of columns 2 and 3 (toffee and toffee 
blank) shows any losses due to reaction of acids with the> system. In 
general it may be concluded that there is no interaction between free 
acids and the toffee system for either HPKO or butter toffee. It is 
worth noting that there is a large loss of acetic acid due to evaporation 
in HPKO toffee, and that there is a large increase of acetic acid during 
caramelisation. It is known (Ferretti et al 1970) that acetic acid is 
a product of the Maillard reaction, a fact which is supported by earlier 
observations on HPKO premix and toffee (see pages 143 161).
The Analysis of Premix and Toffee for Carbonyls 
Girard-T Extraction
The basis of this procedure is the formation of water soluble 
hydrazone derivatives of carbonyl compounds, the separation from 
organic soluble materials and the regeneration of free carbonyls with 
formaldehyde•
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No carbonyls were identified in Girard-T extracts of butter toffee 
(see page 172) but a number of acetals were tentatively identified. 
Acetals are the product of the addition reaction between aldehydes and 
alcohols under acid conditions. Gince isopropanol and formaldehyde 
are present the following reaction is possible.
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A likely fragmentation pattern of this particular acetal under electron 
impact is shown below.J.
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It is possible that other hemiacetals and acetals are formed from 
other aldehydes and alcohols present in the system, and that these may 
account for the major peaks in the GLC trace shown on page I “7^ . 
Extraction as Phenylhydrazone Derivatives
Results of carbonyl extraction by this method are shown on page I 
No phenylhydrazones were identified by GC-MS, the spectra produced being 
compared to the mass spectrum of a standard (isobutyraldehyde phenyl­
hydrazone, see figure 21 ). Many GLC peaks gave similar mass spectra but 
it is not possible to say whether these spectra are indicative of a 
class of chemical compounds, exhibiting similar fragmentation patterns, 
or if many ions in the spectrum are due to artifacts* In the mass 
spectrum of isobutyraldehyde phenylhydrazone it is not possible to assign 
structures to ions at m/e 144, 145 and 158 and it must be concluded that 
these are due to artifacts* High resolution measurements on the extract 
for m/e 94 gave a mass corresponding to a fragment (meas. 94.0423,
calc. 94.0417), Characteristic ions in the mass spectra of phenyl­
hydrazones are the molecular ion, and m/e 92 and m/e 93 corresponding to 
the following fragments (Crow et al 1968).
(PhNH) (PhNK2)
mf e 92 m/e 93
Attempts at purification of phenylhydrazones by column chromatography 
were unsuccessful since most columns did not adsorb the derivatives. It 
may be possible, with acidic alumina columns, to achieve separation of 
impurities but the "activity” of the alumina is of utmost importance, 
since if too "active”, the phenylhydrazones are adsorbed too strongly to 
be eluted. Attempts were made to apply the method of Schwartz et al 
(1963) to the derivatised extracts from premix and toffee. They separated 
2,4-dinitrophenylhydrazones (DNPH’s) from fat on a Magnesia/Celite columm 
and eluted the derivatives with nitromethane/chloroform. The method did
not work for the phenylhydrazones, however, a possible reason being 
that the nitro-groups in the DNPH derivatives are responsible for 
adsorption onto the column.
\
Extraction as DNPH derivatives
The results of analysis of extracts from premix and toffee as DNPH 
derivatives are shown on page I77. The absence of components of interest 
is surprising since analysis of a mixture of standard carbonyls proved 
successful. Thus 1 ;al of isovaleraldehyde, trans-2-hexenal, 3~^-ethyl- 
cyclopentanone, nonanal and 5~raethylfurfural were distilled from 
glycerol, derivatised and analysed by GLC as free carbonyls after 
regeneration with a-ketoglutaric acid. A second detection system was 
tried (specific nitrogen) in the hope of improving sensitivity and an 
improvement was seen. GC-MS could not be carried out, unfortunately, 
and it was not possible to identify any components in extracts. Fig. 22 
shows the similarity between them but this would be a surprising result 
if the extracts actually contained carbonyls since all other work 
indicates that carbonyls play a part in the caramelisation process. It 
is possible then that the peaks in the chromatograms of these extracts 
are due to artifacts.
The lack of success in the isolation and detection of carbonyls from 
premix and toffee suggests that either the concentrations present are 
very low or that these compounds are^jyeryaifficult to analyse. It is 
--^known that carbonyls are present in butter and analysis has been carried 
out by many different workers with every success. Also it is known that 
carbonyls can be analysed by the techniques already described herein.
It must be concluded that the analysis of toffee for carbonyls presents 
an extremely difficult problem and that a suitably efficient isolation 
technique has yet to be developed.
SUMMARY OF RESULTS AND CONCLUSIONS
The flavour of toffee is enhanced when butter is incorporated into 
the recipe.
Carbonyl compounds are precursors in the toffee system and enhance 
the flavour produced during caramelisation.
Carboxylic acids are not flavour precursors but may enhance flavour 
in their own right.
The fat used has an effect on flavour development of the final 
product.
CHAPTER V
OVERALL CONCLUSIONS
OVERALL CONCLUSIONS
The work described in this thesis has been directed towards the 
identification of precursors which yield toffee flavour on heating, 
and an understanding of the reactions which fake place during the cooking 
of the raw mixture* For many years confectioners have assumed that the 
Maillard reaction is responsible for colour and flavour development in 
toffee and have formulated their recipes empirically, based upon experience 
rather than experiment. This work was commissioned by confectionery 
manufacturers in the hope that the production of toffee might be put onto 
a more scientific basis.
Although few macroscopic changes occur, it is clear that the 
Maillard reaction does play a part in the formation of toffee colour 
and flavour since the concentration of lysine decreases during cooking, 
along with the concentrations of glucose, maltose and lactose (all 
reducing sugars). The discovery of 2-methyl- and dimethylpyrazines in 
toffee (but not premix) also confirms that non-enzymic browning takes 
place during cooking, but the levels found indicate that the reaction 
does not take place to any very great extent.
5-hydroxymethylfurfural (HMF) is another well-documented product of 
the Maillard reaction which has been found in many food systems. Its 
occurrence in toffee is not surprising, although the concentration 
found is lower than might be expected. It has been shown that HMF 
concentrations increase during cooking but suddenly decrease at about 
110°G and that this disappearance is probably caused by reaction with 
the protein in the system. It has also been shown that physical changes 
occur in the system at temperatures of 80 - 100°C and that these probably 
affect the chemical availability of the protein, thus making it more 
reactive towards HMF. The reaction between HMF and casein has been shown
to take place, both in model systems and in systems similar to toffee 
and it has been demonstrated that such reactions are responsible for 
colour, and possibly flavour, formation.
Certain Strecker aldehydes (isobutyraldehyde and isovaleraldehyde) 
enhance toffee flavour and might be responsible for flavour development 
by reaction with the casein free amino groups, although it is likely 
that unsaturated aldehydes are more responsible for flavour development 
since their reactivity with free amino groups is greater and can lead to 
more varied products (see reaction schemes in Chapters III and IV). 
Unsaturated ald.ehydes are present in butter and experimental work has 
shown that butter contains precursors of toffee flavour. Rancid butter 
was found to produce better toffee flavour than fresh butter and it was 
found that this was a result of the increase in the> level of carbonyls 
(probably unsaturated) during the process of oxidative rancidity. Car- 
boxylic acids in butter (which increase during hydrolytic rancidity) 
have been shown not to react in the toffee system and are not considered 
to be true flavour precursors.
The nature of the fat present in the system also has an influence 
on flavour development, deodorised butterfat still producing better 
toffee than HPKO (hydrogenated palm kernel oil). It is possible then 
that the butterfat produces heat-induced compounds (aldehydes, lactones 
and methyl ketones especially) during cooking which modify the flavour of 
the final product.
It can therefore be concluded that two sets of reactions are 
responsible for the development of toffee flavour. Firstly the classical 
Maillard reaction occurs to produce colour and characteristic flavour 
and, secondly, certain intermediate compounds thus formed can react with 
the system to modify and enhance the original flavour produced, probably 
by pathways of a similar nature to that of the main browning reaction.
In addition, compounds present in certain ingredients (butter) can react 
in this ”secondary" browning reaction to modify the final flavour produced.
It therefore seems unlikely that toffee flavour is the result of 
one or two compounds being produced during cooking, but rather that 
many compounds interact to produce the characteristic flavour, and 
that this is a result of the original ingredients, reaction intermediates 
and reaction products of the system.
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